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(57) Abstract 



The present invention provides compounds, more particularly dipeptide analogs, which bind to retroviral proteases. These 
compounds are inhibitors of retroviral proteases and are useful for treating diseases related to infection by retroviruses. 
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, i^ y ..) , voa ■ .^l RETROVIRAL PROTEAN INHIBITORS 



Background ' of the Invent ion 



"Oil 



The present invention" relates to retroviral protease 
10 inhibitor compounds, pharmaceutical compositions thereof, and- 
a method of treating retroviral diseases therewith, including 
a method of treating disease states associated with human 
immunodeficiency virus (HIV-1, HIV- 2) • 

Retroviruses, that is, viruses within the family of 
r 15 Retroviridae, are a class of viruses which transport their 
genetic material as ribonucleic acid rather than 
deoxyribonucleic acid. Also known as RNA-tumor viruses,, 
their presence has been associated with a wide range of 
diseases in humans and animals. They are believed to be the 
- 20 ; causative agents in pathological states associated with 
: infection by Rous sarcoma virus (RSV), murine leukemia virus 

* .. . (MLV) , mouse mammary tumor virus (MMTV) , feline leukemia 

virus (FeLV) , bovine' leukemia virus (BLV) , Masori-Pf izer 
monkey virus (MPMV) , simian sarcoma virus (SSV) , simian 
25 acquired immunodeficiency syndrome (SAIDS) , human T- 

lymphotropic virus (HTLV-I, -II) and human immunodeficiency 
virus (HIV-1, HIV-2), which is the etiologic agent of AIDS 
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(acquired immunodeficiency syndrome) and- AIDS related 
complexes, and many others. Although the pathogens have, in 
many of these cases, been isolated, no effective method for 
treating this type of infection has been developed. 
5 Retroviral replication occurs only in host cells. 

Critical to this replication is the production of functional 
viral proteins. Protein synthesis is accomplished by 
translation of the appropriate open reading frames into 
polyprotein. constructs, which are processed, at least in 

10. part, - by a viral protease into the functional proteins. The 
proteolytic activity provided by the viral protease in 
processing the polyproteins cannot be provided by the host 
and is essential to the life cycle of the retrovirus. In 
fact, it has been demonstrated that retroviruses which lack 

15 the protease or contain a mutated form of it, lack 

infectivity. See Katoh et al.. Virology, 145, 280-92(1985), 
Crawford, et al., J. Virol., 53, 899-907(1985) and Debouk, et 
al., Proa. Natl. Acad. Scl. USA, 84, 8903-6(1987). 
Inhibition of retroviral protease, therefore, presents a 

20 method of therapy for retroviral disease. 

The use of isosteric replacements has been disclosed as 
a strategy for the development of protease inhibitors for 
HIV-1. European Patent Applications EP--A, 337 >,714, EP-A 357 
A 332, EP-A 346 847, EP-A 342 541, r 'EP-A''352"006rK-A ;393 445 

25 and EP-A 434 365 axe representative, and ■ are incorporated 

herein by reference. These references disclose dipeptide 

-\ . - ;-:;■■< »' s \«j . to ■ U* A ryx>> v &*vj>-* Vdr: ; -""a j#.>.. *:t • 
analogs of the natural polyprotein substrates of retroviral 

: '•: , ; wUi.x i.^.^ • ••3u; : yJ :i:*r.ar ; .-■ •-• 

proteases. As discussed therein, these dipeptide analogs 

bind selectively and competitively to; retroviral proteases; 

30 however, the protease is unable to cleave the carbon-carbon 
bond presented to it instead of the scissile amide bond of 
the natural substrate. Thus, such compounds are useful for 
inhibiting viral replication, by inactivatibn of the protease. 
The incorporation of heterocyclic elements in the P3 f and P4 1 

35 substrate positions of comp unds containing a dipeptide 

isostere has been disclosed by deSblms et al., *J. Med. Chem. , 
34, 2852 (1991). However, these compoiinds, can be less than 
desirable for obtaining optimal drug delivery ih mammalian \ 
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organisms, particularly in humans . Some of these compounds 
can also have a less than desirable serum half-life, and 
therefore duration of action, because they contain .amide 
bonds in relatively hlTgh proportion, and thus are prone to 
5 metabolic degradation, hepatic clearance, or other 

.elimination mechanisms. r : . . 
v« Uw There exists a need/ for ; novel compounds : which inhibit 
;( v . retroviral protease ^activity, ; a need for compounds which 

possess, desirable pharmacokinetic properties for good drug 
10 delivery and metabolic stability for good serum half-life and 
duration of action.,, Such pharmaceutical uses provide 
therapies for retroviral diseases in mammals, especially in 
humans, which have been heretofore difficult to treat. 

15 SUMMARY OF THE TKTVEttTTOM 

The present invention provides compounds, hereinafter 
represented as formula (I); which bind to retroviral 
proteases. These compounds -are inhibitors of retroviral 
20 proteases and are useful for treating diseases related to 
infection by retroviruses. 

The present invention also provides a pharmaceutical 
* : ."- u * contposition comprising a compound of formula (I) and a 
pharmaceutical^ acceptable carrier. 
25 The* present invention additionally provides a method for 

' ° J treating- retrod comprising administering to a 

mammal in need thereof an effective amount of a compound of 

S 3b ( " D) ^ KfU ^ DETATT.ED PESCRTPTTftW OF THE TMVRTJTTfiW 

ic jt--:> ^he' compounds of the present Invention are illustrated 
,; by formula'- (I) : ^ " ' ° • 
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. . i: R 1 b8::-v; 7.4/ -1. *-- , --v^'- 

oh R 3 " - 

• • .a ... : .-- r •■:>' _': "v ( jj V/ :?v i if:.' .p. - ■ 

wherexn: 

R 1 and R 3 are each ixtd»p^djMtiir%f^i^^^^t 
5 Q-C2-6allcenyl, C^C2-6alkynyl ; or Ci«|al^yir s^sf ituted by one 

! 1 to five fluorine atoms, ea6h optionally ^ Substituted by R 23 ; 
Q is H> C^gcycloalkyr, Cs_6feyclbalkeny^ 

R z is H or OH; 

R4 is R«-NR 1L or OONR^CHRfiR 7 / ' ?c J 1 -P 

10 • R5 is R«-NRll- or RlO-NRll-; 3 - - ^ U 

:-jj_^R 8 . : 't:. ■:/ -.-:.u. . :. n.fc-'.::a\ 

■HI 

X is NR 11 , O or S; 

R 7 is Q, Q-Cj-galkyl or CrK^. 6 alkeny^ 

R 8 and R 9 are each independently H, OH, , halo, N02, COR 12 , 
is CF 3 , Ar, Cx^alkyl-R 15 ,, or r" (r18r19c)^ or .^together form a 
fused C2-4alkylene, aryl or heteroaryl moiety; . ;. . 

Rio is A-(B) n -; ;.. . ,. . ;. .-^ ^ m ,.. ; ..^ is J. 

. . . R 11 is H or C^alkyl;.. .. .. vb ..... ; 

r12 i s r7 / or 7 , KR^f 1 , or , an .amino acid .or.. amino alcohol; 
20 B is an amino :acid; . ;q un . -.,xf .v; ? -.. ; >.-.v-,-i s 

A is H, Ar, Het, R 17 (R^R 19 ^ Ar-W, Het-W or ^ 
, (; R 17 (R 18 R 19 C) m -w, or.,phthaloyl each a^mi^y f .f^t^txai9d by 
one to three groups chosen from J^.^or^Ci^^^^J 

W is C=0, OC(=0), NR^CC-O), SC(»»0) f .lJR 1 lCX=S) ( , SQ2, 

25 NR^SOa or P (=0) (OR 22 ) ; 

R 1S is H, nitro, Ci-fialkoxy,, Ci-galkylthio, 0<C=0)R 16 , 
C«OR22, C0 2 R 22 , CON(R 16 >2, N(R 22 )2, NHC(-N)NH-A, I, Br, CI, F, 
. OR 10 , or OH, provided IJiat when R 15 ^ is, a vsubstituent of the 
carbon adjacent to W, R 15 is not halogen., or ,OH, when , W is 
30 OC(=0) or NHCO; * 
R 16 is H or Ci-6alkyl; 

R 17 , R 18 and R 19 are independently: i) H, R 15 or 
Ci-4alkyl, C2-6alkenyl, phenyl, naphthyl, C3-6cycl6alkyl or 
Het, each optionally substituted by one to three R 15 or 
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*n ^R^-Cx^alfcyl, groups, or ii) R 1 ? is as aboverand (R^R 1 ^) are 
joined together to form a phenyl,; naphthyl, C3-.6cycloalkyl or 
Hetiring,- or iii).\ R x7 is as above and R 18 and R 19 together are 

':-.ia&:^:"Or 'i o:3 '*vu."'> : \*oo^ - fif./ t Lv • n\: ... . . . = 

; ,? or o : R ? 2 i?l?f.9pi-.s*J! Jc y 1 / Phenyl or -phenyl-Ci^alkyl; 

i ,c l£ 3 -iS:;TX'-^^ = 5,/ 

Y f jfj : C o CH2X" [ ( (CH2) rO) 9 ] R 26 , or benzof uryl, indolyl, azacycloalkyl , 
sium. rii aza£>icyclo :C7-iicycloalkyl::or benzopiperidinyl , optionally 
lc r.'ioj;. substitutedv.with Ci-^alkyl; v 

;(oioi : v^::q is: 2-5; - f*v; - ,Cu ' v :... ; ^:->^r <>■ 

s is 1-6 and r is 1-3 within each repeating unit s; 
Irinoi- -v-^-X'^is > CH2/ :: ^0/"' t 'S* or NH; ' ^ 

f;.R 24 ,;and R 25 are>i) ; Ci^alkyl; optionally 'substituted by 
15 OH, Ci-3alkoxy, or N(R , )2/ ii) the same o* different and 

joined -together to forma 5-7 * member heterocycle containing 
up to Itwo additional heterbatoms selected from NR/-0, S, SO, 
f t m! S02r t said;heterocycle optionally substituted with Ci-4alkyl, 

iii) aromatic heterocycle/t optionally r substituted with 
" 20 Ci-ialkyl-or NtR 1 )^;^- . r. s** ^ 1 : v/'^ -f r . ; >'\ 
v R^ is H or Ci-.4alkyl;nv vv ^r-- ■ , , o:?:-- ... <i. - 
J ;:cR 2 « is H, -Ci- 4 alkyl, C<«0)R 27 , C(«0)U[ (^JmOJnR 1 , 
' iP{«0) (0M) 2 ; C0 2 R 27 > ^C{=0)NR 27 R28 f where M is a mono or - 
•7 . -c: divalent* imetal, ion, and U is NR* or O;- * : .'.{ 
25 R27 i s Ci-6alkyl or Ar, optionally substituted with: r one 

or more .1 hydroxy, - carboy,. l halo, Ci-3alkoxy;- CONR f 2/ NR'2, 
CQ2R V S0 2 NR , 2r CH2NR2;^NR•COR^ lR'SfeR'V X w I (C^rOlsR'' or 
CH 2 X^[{CH2)rP] 3 R^A<n i rti' yJtar.. • 

orR28ii S ;: H , Ci^galkyl or together with R 27 forms- -a : 5-7 
r 30 r ^raembered -heterocycle or ? a 6 membered heterocycie containing a 
J heteroatom" selected from N, O and S; "• :V " v; - : ^ 
mis 1-4; and . :i -v ; 

*s~'J' - :n is O^br.i';"^ :.«/■ Vi \ . , . 

or a pharmaceutically acceptable salt thereof. 
»35 ;v> i Also ; included- in this invention are-' pharmaceutically 
> /-acceptable'* addition salts,' complexes "or prodrugs of 'the 

compounds- -of -this^invention. Prodrugs ar£ considered to be 
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J* any covalently bonded carriers which /release ,the active 
?• parent' drug according, to formula* (I) dMiviyo. bi*xi<>-r 
• Formula (I) is /intended to^ fencorapass ^> all: unique 
nonracemic stereoisomers which may occur due to the 'presence 
5 of asymmetric carbon a;tbms! in 'tifeimoiecule 

may occur ; as pure enantiometrs- or ^diastereomerS "* or as a 
I ; mixture of individual stereoisomer : 6Vrt\The:defliii€iorl of any 
substituent moiety which may occur: more rtt formula 
(I) is independent of any other •bccu3^ence v ?-1uC6mbinations of 
10 substituents and/or variables are permissible only if such 
. .. «, combinations result in stable compounds;-^ t V, 

Compounds of this invent ion^which^ include::, acyclic double 
bonds may be present in ^either the; cis; (Z) ror^trans (E) 
geometrical configuration with respect ;to\ any -two 
15 . * substituents.. . v -/:: - ■; i ' ,, ; f •>?•? \ :xo fik^i^ JiC di 
t: . y , . When X is NH f it . will be ^appreciated that ithe a 

x heterocyclic ring is an imidazole; which j:cari (undergo- 
•w < - f tautomerization. All tautomeric? f orms: of the dmidazole are 

within .the scope ofvthiS; invention. ^4 oi.^^.y^. \ i± \i 
20 Suitably R 1 and R 3 are Ci-galkylVn Ar-Ci-^alkyl/-: & 

Ar-C2-$alkenyl, Ar-C2-6alkynyl / Ci-^alkyl optionally 
substituted by one to five fluorine -atoms* or benzyl 
-substituted in the 4-position-:by:R 2 ? : ^:i i Preferably; Rf ' i^ 
benzyl and R 3 is benzyl, 4-hydroxybenzyl^oriphenylpropenyl. 
25 : v. Suitably R 2 . is H. , . 1 i; ^.U^.rO ' ^h ~v: v' . ' • r-'z" 

ti SuitablyX is S or N-R 11 . - Preferably ;X;is:NH.^i> : 
fo„ , Preferably. R 4 is CONRUchrW;^!^ 

Suitably R 5 is R 10 -NR 11 . Preferably;:^ is) t%~K :? 
v butyloxycarbonylamino : or isoprbpyloxycarboriylamino. 
30 Suitably R 7 is H, Cx-$alkyl r C3-$cycloalkyl, L phenyl or 

benzyl. Preferably R 7 . is Ci_£alkyl. i: , Isopropyl^is most 

preferred. -ft.- \ . i m ' '" 

Suitably R 8 is H, Ci-saUeyl, COR 12 , NO2 or Br. Preferably 

R 8 is H. v : "v."' • ■■' -i .=?;. v-. v. 'i'i'Xx.y t j juIo, ".:*<■■.■ 

35 , Suitably 1 R 9 is .H^BCfe, : Bry; COR^/>,CE3>^ : Ar>XCi-6alkyl:or 

Ci-salkyl-R 15 / wherein- R 12 is H,. Cj-6alkyl^>Ar; £OCil^alkyl, 
NH2r r .and R 15 is OH. : Pref rably ; R 9 . is =H^or:! COR 12 ;-/}; i;c 
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. « i ) : -j r X Suitably B, is, Ala or ; Val . Preferably m is 0 and B is 

•v:;;! abSent ; . w ^..^.^^ .... • ,:, 7 o" 

Suitably A is Het, R 17 (R 18 R l9 C) m-W, Ar-W or Het-W. 
r ( Suitably; R 17 , R 1 ?: and R 19 are H, or Ci- 4 alkyl, /Het or Ar 
5 tT . , optionally substituted by. one- pr^ two R 15 or Ci-6alkyl-R 15 , or 
(R 18 R 19 C) are joind together to : form a' phenyl C3-6cycloalkyl 
. ; r or Het ; ring. : . . : ; V :. ..■{.* c v 
: :- ; I Suitably W is C-O, OC (-0) , i KHC («=0) , NHC («S) ,? 1 or SC (C«0) . 
Suitably R 17 (R^ 8 R 19 C) m - is Ar-CH 2/ Ar^ .Het^ Het-CH*, 
10 ) Ci-6alky^ substituted by one to 

three; groups ^selected from R 1 ?. Suitably iR 1 * is OH. When R 17 
or (R 18 .R 19 C) are Het or Ar, > Het is suitably quinolinyl, 
,; ?b pyridyl, , inrida2olyl, ; thia2olyl,.>tetrahydrothiopyranyl or 

tetrahy<teppyranyl,.and Ar is phenyl. ^ ^c. i v* ; 
15 Suitably R 23 is hydroxy-Ci-4alkoxy, Ci-4alkoxy- J 

: i; Ci-4alkoxy/ or -0(CH2)2NR??R 25 /> wherein R 2 1 and R 2 ? ; are are a 
vru. 5- or .6-raembered heterocycle, such as morpholino. 
In one preferred embodiment W is OO.: 
Vt) -'V In mother .preferred embodiment W is OC(=0) • ■•.•:>... 
20 \ ?;lv : In a thirds preferred embodiment rRlO- i s Ci-$alkylOC («0) or 
Cs-ecycloalkylOC («0) substituted by one or two OH or CH2OH 

* n groups. .-;;?.- .., ' -vov: . ; .w '. 

* Representative .compounds of this invention are: 
(2R, 4S, 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- (t-butoxycarbonyl) - 
25 : amino- e-phenyl-N-Cl'risopropy 1-1' -(4-aminocarbonyl-thia20-2- 
yl) ]methyl-hexanamide; ; 

(2R, AS, 5S r 1 • S) -2-phenylmet&yl-4-hydroxy-5- (t-butoxycarbonyl) - 
-fi aminor 6-phenylrN-: [ If-isopropylrl 1 - (thia20-:2-yl) ] methyl- 

-hexanamide;.^-r-l r * ;I:t- 0- '•" - 
30 (2R, 4S, 5S, 1 f S) -2-phenylmethyl-4-hydroxy-5- (t-butoxycarbonyl) - 
' :) amino-6-phenyl-N-(l r -indda20-2-yl)methyl-hexcmamide 
-I hydrochloride; -v;;-:;-;- ~< \ : ; , - 

(2R, 4S, 5S, 1 f S) -2-phenylmethyl-4-hydroxy-S- (t-butoxycarbonyl) - 
-M ; aminos 6-phenyl-N- [1 '-methyl-l. 1 - (imida2o-2-yl) ] , methyl- 
35 hexanamide hydrochloride ; o. : "■ , - * r 

(2R, 4S, 5S, 1 f S) -2-phenylmethyl-4-hydroxy-5- (t-butoxycarbonyl) - 
amino- 6-phenyl-N- [1 • -ben2yl-l (imida20-2-yl) ] methyl- 
hexanamide hydrochloride; - 
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: (2R, 4S, 5S, 1 • S) -5- (carbobenzyloxy) amirib^4-iiy^ (1 

isopropyl-l ' -imidazol-2-yl) met±yl-6-phenyl-2-phehylmethyl- 
v hexanamide; ■ ' H * A A '^W^ 

(2R; 4S, 5S, 1 1 S) -5- ( t-*utoxycaribonyl) ihlno^4-hyidrbxy-N-- [1 f - 
5 - isopropyl-l ' - (4 , 5-dimethyl) imidazoi-2-yl] meteiyl-6-phenyl--2- 
phenylmethyl-hexanamide; •>-• -*P ^vi:o(.' "w ..:v 1) 
(2R, 4S, 5S, 1 ■ S) -5- ( t-butoxycarbonyl) amino-4-Hydrbxy-N- [1 f - 
isopropyl-l 1 - (N 1 -methyl ) iMdazbl-2-yl ] methy 1- 6-pheny 1-2- 
phenylmethyl-hexanamide 1 ; - «("'*"•. -^M) 
'■ 10 -(2R>4S>5S, VS)-5-(t-butbty^ 

isopropyl-l 1 -imidazol-2-yl) me^yi-6-phenyl-^ 
J phenylpropargyl) hexanamide; * i . \0 ; : of D ac 

1 (2R, 4S f 5S, 1 1 S) -5- (benzylbxyethoxyrarbohyl) ^ andno^^iydroxy-N- 
( 1 1 -isopropyl-l 1 -imidazol-2-yl) methyl-6-phehyl-2^ r 
15 phenylmethyl-hexanamide; v^c ^vij^i 

J ^ (2R/ 4S, 5S, 1 1 is) -5- (methoxycarbonyl) amino-4-hydroxy-N- (1 

isopropyl-l ■ -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
hexanamide; • :)r .a.-.: ■■.■s.v:^ *:>:v '•'> ■■■-;ic'.fil . 

(2R, 4S, 5S, 1 ■ S) -5- (ethoxycarbonyl) amino-4-hydroxy-N- (1 
c 20 ; isopropyl-l 1 -imidazol-2-yl) methyl-6-pheriyl-2-phenylmethyi- 
' hexanamide; ; yv-?)"plyz ^:.*y-::..;^ 

(2R, 4S, 5S f 1 ■ S) -5- { t-butoxycarbonyl) amiio^4-hydroxy-N- (1 f - 
isopropyl-1 1 -imidazol-2-yl) methyl- 6-phenyl-2- (3^-phenyl-2- 
propenyl) hexanamide; r ^; • \ (U ? ; t ^21 ^ 

2*5 (2R, 4S, 5S, 1 f S) -5- ( t-butoxycarbonyl) amino^4-hydroxy-N- [1 f - 

isopropyl-1 1 - (4-nitroinddazol^ 
v phenylmethyl-hexanamide ;> *^ .a^j-S-^.a; 1 Zy^ : v U i 

(2R, 4S, 5S r 1 • S) -5- ( t-butoxycarbonyl) (1 r - 

ethyl-1 f -imidazol-2-yl) methyl-6-phenyl-2-phehylmethyl- 
30 'hexanamide; • ^ h' " " r-'M^S-^ 1 ;; 

(2R, 4S, 5S, .1 * S) -5- { t-butoxycarbonyl) amino-4-iydroxy-N- (1 1 - 
propy 1-1 • -imidazol-2-yl ) methyl- 6-phenyl-2^phehy Imethyl- 
, hexanamide;' .-v:--- : ; ly ; <--^. i -. .i&ao^:;- % ;^} 
<2R, 4S, 5S r 1 f S) -5- ( t-butoxycarSonyl) aminot4-£ydroxy-N-[l f - 
35 is oprbpy 1-1 • - ( 4-bfomoimidaz 1-2-y 1 ) ] methy 1-6-phehy i-2- : 
phenylmethyl-hexanamide; .: "i 1 ;:u;;>k -£ \:- x ? 3 .i£ 
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-\ ) (2R f 4S, 5S>l , S)-5-(trbutoxycarbonyl)a^aino-4-liydroxy-N-[l , - 
isopropyl-1 \ r (4> 5-dibromoimidazol-2-ylX ] methyl- 6-phenyl-2- 
phenylmethyl-hexanamide; in •.;-.»■ ? . , j ; 
• : 1 (2R, 4S, 5S, 1 • S) -5- ( t-bu£oxycarbonyl) amino-4-hydroxy-N- [ 1 ■ - 
;l5 i isopropylr-1^ ]methyl-6-phenyl-2- 
phenyimethyl-hexanamide; : ii- •.: * ^ on ; 
* : i (2R,4S, 5S/1 , S)~S- ( t-butoxycarbonyl) amino-4Thydroxy-N- [1 
isopropyl^l (4-trif luorometAyliMdazol--2-Yl) ]methyl-6- 
phenyl-2-phenylmethyl-hexanamide; wy.;.;. 
• 10 * (2R, 4S, 5S, 1 * S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N-methyl- 
d ? - N-U , -isopropyl-l , -i^ 

phenylmethyl-hexanamide; : ; , 

? ~ r (2R, 4S, ; 5S/1 , S^ 

isopropyl-1'- (4-carbomethoxyinrtdazol~2-yl) ] methyl- 6-phenyl-2- 
15 .phenylmethyl-hexanamide; > r : ■ r: \ \^:\-\^^.^),[ : <; 

(2R, 4S f 5S; 1 r S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [1 «- 
? • : ;±sopropyl-l (4-methylcarbonylimidazol-2-yl) ] methyl- 6-phenyl- 
2-phenylmethyl-hexanamide; 
A (2R, 4S, 5S, l f S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- [1 
20 isoprdpylrl: , - (4-phenylcarbonyl-imidazol-2-yl) ] methyl-6- 
phenyl-2-phenylmethyl-hexanamide; 
o: (2R; 4S,5S, 1 'S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- [1 
> r ^is6propyl-l l «(4-formylimidazol--2-yl) J methyl- 6-phenyl-2- 

phenylmethyl-hexanamide; 
25 (2R # 4S;5S;i , S)-S-(t^utoxycarbonyl)amino-4-hydroxy-N-[l ; ^ 

isopropyl-1 1 - (4- (hydroxymethyl) -lmidazol-2-yl) ] methyl-6- 
v vl phenyl-2^henylmethyl-liexanamide; '■■ 

y ) (2R, 4S r 5S;1 1 S) -5- { (tetrahydrothiojpyran-4-yl) oxycarbpnyl) - 
* vamirio-4-hydroxy-N- (1 '-xsopropyl-l 1 -lmidazol-2-yl) methyl- 6- 
30 phenyl-2-phenylmethyl-hexanamide; ' 4 j . • ' l 0- 

- (2R;4S/5S^1 ■• S) -5- ( (tetrahydro-4H-pyran-4-yl) oxycarbonyl) - 
J -< amino-4-hydroxy-N- (r? -isopropyl-1 , -imldazol-2-y l)methy 1-6- 
phenyl-2-phenylmethyl-hexanamide; % ;^ , ...(.■:<. 
(2R, 4S, 5S, 1 ■ S) -5- (4-picolinyloxy) amino-4-hydroxy-N- (1 • - 
35 r : isopropylrl • -fmidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
hexanamide; / ■.•■r.r:.-.- i: : r •■•f>c;- vr.w^o • v 
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(2R,4S,5S,l'S)-5-(t-butoxycarbonyl)a^^ 
- : isopropyl-1 ■ -imidazol-2-yl) metAyJ>6^henyl-2- (4 > 4y 4- 
trifluorobut-l-yl)hexanamide ; : , ; .^-I^i^i^iU-r 

• (2R, 4S, 5S, 1 • S) -5- ( t-butoxycarborfyl) amino-4-hydrbxy-N- [1 ' - 
5 isopropyl-1 (4- ( (IRS) -1-hydrbxyethyl) -iidLdazol-2-yl) Jmethyl- 

6-phenyl-2^heiiylmet^l^exanamide; ^ d-i^h^ • ii r 

• (2R f 4S* 5S, 1 ■ S) -5- ( t-butoxycarbonyl) amirib-4-hydroxy-N- [1 '- (1- 
methyl) propyl-1 (imidazol-2-yl) ] methyl- 6-pheny 1-2- ; 
phenylmethyl-hexanamide;. .u^* rcy uv:\. ^i^r^^-^f-v-' ^'"/ 

10 ( 2R, 4S / 5S, 1 1 S) -5- (propylaminocarbonyl) ami*o^4;-hydr6xy-N-ll ' - 
isopropyl-1 • - (imidazol-2-yl) ] niethyl-6-pheny^2-phenylmethyl- 
hexanamide; isx^ri -Jy^:^ : 

(2R, 4S , 5S, 1 f S) -5- (4-hydroxybutanoyl) amino-.4-hydroxy-N- (1 
. isopropyl-1' -inddazol-2-yl)metAyl-6-pheny^ 

15 phenylmethylhexanamide ; ' \>u '-\r^-''i^i\4'Z r j% v \^V*# '! 
<2R, 4S r 5S, 1 1 S) -2-phenylmcthyl-4-hydroxy-5- (benzyloxy- 
carbonyl) valylamino-6-phenyl-N- (1 ■* -isobutyl-1 ' -imidazo-2- 
yl)methyl-hexanamide; .off *- ^ ; . -^/jv /^■:^.-v^.-:q--^ 

(2R, 4S, 5S, 1 • S) -2-phenylmethylr4-hydroxy-5- (N-acetylvalyl) - 

20 amino-6-phenyl-N- (1 f -isobutyl-l f -imidazo-2-yl) methyl- M 
hexanamide; ■ \:- A ; ^ *' . ^ ; q - r -v -->^3f • 

<2R, 4S / 5S, 1 1 S) -5- [ (imidazol-2-yl) methyloxycarbonyl] amino-4- 
hydroxy-N- (1 1 -isopropyl-1 • -imidazol-2-yl) methyl-6-phenyl-2- 
phenylmethyl-hexanamlde; m-y^F 4*:^-' 'Kjpi . . . 

25, ■ <2R, 4S; 5S, 1 f S, 1 W RS) -5- ( (l tt - (imidazol-2-yi) r2"-me&yi) - "e<; 
propyloxycarbonyl) amino- 4-hydroxyrN-^ fl ^isopropylrl! ^ r . . 
inddazol-2-yl)methyl-6-phenyl-2-pheny^ . 
(2R r 4S , 5S, 1 f S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [ 1 1 - 
* isopropyl-1 »- (4- (imidazol-2-yl) imidazol-2-yl) ]methyl-6- 

30 phenyl-2^henylmethyl-hexanairdde;;v " .r*-is- . ■ ot: 

(2R, 4S , 5S, 1 1 S) -5- ( l-oxo-thian-4-yl) oxycarbonyl) aminb-4- 
hydroxy-N- (1 '-isopropyl-l , -imidaiol-2-yl) methyl-6-phenyl-2- 
phenylmethylhexanamide; ; • .-.'■•-•;! -i'v : f< ^ • *q v : :■>*■-'■■*' 
* (2R> 4S f 5S, 1 'S) -5- ( (tetrahydrosulfonylpyrari-4- V/ !• : ) 

35 , jyl) oxycarbonyl) amino-4-hydroxy-N- <1 l ^isbpropyl-l f -indcfazol-2- 
yl) methyl-6-phenyl-2-phenylmethylhexanamide;^i: :^i->s^^^ 
(2R, 4S, 5S, 1 *S) -5- ( (1, l-dimethyl-2- (benzyloxycarbohyl- 
glycyloxy) ethoxycarbonyl) amino-4-hydroxy-N- (1 1 -isopropyl-1 r - 
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- j-~ x-i [ r ^^^zp^-yl) metoyl-6*phenyl^2-pheny^ethyl-hexanamide 
,jhydrocWoride.salt; ~ y . s „r :li r : ; - . .- J: „ , 

(2R, 4S, 5S, 1 1 S) -5- ( (1, l-dimethyl-2-glycyloxy) ethoxycarbonyl) - 
; amino^-hytooxy-^ 
; r .0*? r;> pkenyl-2-phenYlraethyl^^ 

j ; (2R, 4S, 5S, 1 «S) -S7 ( (1-acetyl) axtdno-4-hydroxy--N-(l l -isopropyl- 
1 'rimidazolT^-yl) methyl- 6-phen^ 

(2R, 4S f 5S, 1 *S) -5- ^(t-butoxycarbonyl) amino- 4-hydroxy-N- (1 f - 

10 benzyloxyphenylmethyl)hexanamide; ^ - o, 
• :•: (2R,4S, 5S, ^l?S)-5-(t^butoxycarbonyl)amino-4-hydroxy^N^(l- , -• 

: ^ :k:'U:Aswrapy ... 

15 > . phenylmethyl-6-phenyl-N- [1 • -cyclopropyl-1 » -iroidazol-2- ■ 
v yl]raethyl-hexanamide; i?. jr v > , , >.; 

» - 1 (2R, 4S, 5S, 1 1 S)r5- ( (isopropylthiol) carbonyl) -amino-4-hydroxy- 
\ h inf v2-phenylmethyl-6-phenyl-N- [1-isopropyl-l ■ -imidazol-2- 
> T u orqr. yl]methyl-hexanamide; * s; , - vr : .• . • . 

20 <2R r 4S,5S,l?S).r5-[3-(lH-i^ < : 

» i ) --methylpentylamido] -f-hydroxy-N- (1 • -isopropyl-1 • -imidazol-2- 

v ;o (2R, 4S r 5S, 1 ! S) -5- [ (4-methoxyphenoxy ) carbonyl] amino-4-hydroxy- 

- N- (1 ^-isopropylrV^^ daz <>l-2--yl)methyl--6--phenyl-2- 
25 phenylmethyl-hexanamide; 
- 1 1 J - 2R, 4S, 5S, 1 f S) -5- (t-butylaminocarbonyl) amino-4-hydroxy-N- (1 •- 
vn { isopropyl-1 J -inddazol-2-yl) methyl-6-phenylmethyl-hexanamide; 
(2R, 4S r 5S / l , S)-5-(methylaminocarbonyl)-; : v - p. < 
* cUtdn<^4-hydro3cy-N7 (!• -isopropyl-1 , 7lmidazol-2-yl) methyl-6- 
3^!::,^ phenyls ::; v : , ; , ~ 

(2R, 4S/ 5S, 1 1 S) -5-phenylaminocarbonyl) aminq-4-hydroxy-N- (1 *- 
rivco;: isopropyl-1 1 -imidazol-2-yl) methyl- 6-phenylmethy 1-hexamide; 
i r(2R r 4S,5S/l!S)-5-N-_(propylamin^ 

(1 '-isppropyl-l , -inddazol-2-yjL) methyl- 6-phenylmethyl-- 
.: - v.35 Ka hexamldef ^ ( >-v. o .\ - V '-"v \~ l-y .'vV-CL ; ;•. , v- . 

i' S • ».(2R, 4S, 5S, 1 'JSl^S-. (n-propylaminothiono) amino-4-hydroxy-N- 

( 1 1 isopropyl-1 • -imidazol-2-y 1 ) methyl- 6-phenylmethyl-hexamide; 



WO 93/02057 



- 12 - 



X' PCI7US92/06047 



2R, 4S, 5S; 1 ' S) -5- (isopropylamiiio^bbnyl}-^ 
(1 '-isopropyl-l *-indda2ol-2-yl)metiyl-6^h(^yimethyi- 
• :•' hexamide;^ ' T^^r ; ;*V^ ^V.-l^^t,*: V\K-;y ^ .. . 

: : (2R/4S>5Sf l'Sj-S-fam^^ 
5 * isopropyl-l 1 -indda^ 
r v- (2R, 4SV5S, 1 f S) -5- ( 6-quinollJiylmethyid^-carbonyiy amino-4- 

' hydfoxy-N-d'* -Isopropyl-l f -ii^(i£zol~2-yiy^ 
1 - ■ - ^ phenylmethyl-hexanaidide; ~^ ' '^yi ^i!' . • ' • ••U 

(2R, 4S, 5S, 1 ■ S) -5- (b^ioyiyaiaino^4-hydto^y-N- (i f ^isopropyl-l *- 
10 inddazol-2-yl)methyl-6-phenylm^ °-f- 
- (2R>4S r 5S / l , S)-5-(2-ftirylcaribnyl)ai^ 

isopropyl-l • -imidaiz6l-2-yi) methyl- 6-phenylmethyl-h6xcinamide ; 
(2R, 4S, 5S, 1 • S) -5- (4-methoxybenzbyl) r amino^4-hydrbxy^^ (1 
isopropyl-l • -imidazol-2-yl) metliyl-6-pfieny^ ; 
15 (2R, 4S, 5S, 1 *S) -5-benzylcarbonyl) '.aunino^4-liydrtt^-H- : (l 

isopropyl-l 1 -imidazol-2-yl) methyl- 6-pheriylmetliyl-liexamide ; 
(2R, 4S, 5S, 1 f -S) -5- (4-hydroxybenzoyl) aikLho-4-liydro^y-N- (1 f - 
isopropyl-l • -imidazol-2-yl) methyl-6-phenylmethyl^hekanamide; 
(2R, AS, 5S, l f S)-5- (ciimamoyl)aminp-4-hydroi^ : -N- (I'-isopropyl- 
20 1 • -imidazol-2-yl) metAyl-g^hc^ylmethyl-heyanaTnl de; > J £ 
(2R, 4S, 5S, 1 1 S) -5- (2-hydroxybenzoyl) and^b^4-hydro5^-N-(l f -- 
isopropyl-l • -imidazol-2-yl) methyl-6-phienylmetiyl-hiexanamide; 
■ y ■» (2R/4S/5S, l f S)-5^(imida~zoyl-4-yl-acetyl)ki^^ 

(1 '-isopropyl-l '-iirddazol^-yljmethyl-e-^^^ 
25 hexanamide; 

. (2R, 4S, 5S, 1 • S) -5- ( t-butoxycarbonyi) amin^-hydroxy-N- [11- 
t . isopropyl-l ' - (4-carbomethoiyetAylimidazol ,L 2-yl) ] methyl-6- 
phenyl-2-phenylmethyl-hexahamide; iZ- v x^::.< r ':---^V')- 
(2R, 4S, 5S, 1 • S) -5- ( t-butoxycarbohyl) amino-^^liytooi^-N-ti'- 
30 isopropyl-l 1 - (4-carboxamidoimidazol-2-yl) ] methyl-6-pheriyl-2- 
' - phenylmethyl-hexanamide; "^^ V 1 ; ^-;V-:i 1 ^: : -)- : • 

(2R / 4S>5S,l , S)-2-phenylmetiyl-4-hydr6^-5-(5-(l-oxo^ropyl)-^^ 
thiazolyl) amino) -6-phenyl-N-(l '-isopfopyi-l'-tiiiddazo^- 
yl))methyl-hexanamide; V V * " > v v: ' 

35 (2R, 4S, 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- (S-'d-oxojiropyl) -2- 
. thiazolyl) amino) -6-phenyl-N- (1 • -isopropyl-l ■ - (imidazo-2- 
yl) )methyl-hexanamide; i 1 ' ^ .J -£-^q>;. -.q<: . 
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- f > -v(2R, 4S,5S, l/S)r2rl>henylmethyiT4-hydroxy-5-:(5Tpropyl-2- 
.-.». n! : .,tMa2olYl).aminp) T6-phenyl-N- (1 '-isopropyl-l (imidazo-2- 

yl) )methyl-hexanamid ; and 
- • j *-^(2R, 4S r 5S^ (1 '-isopropyl- 

-5.. ^ i.l.Vlxaida2ol-2-yl 

Another "group of preferred representative compounds are: 

phenylmethy 1-hexanamide ; rvxi i-. 

-i'lO > (2R, 4S, 5S, l!S)-5- (1> l-diaethyl-2racetoxyethoxycarbonyl) amino- 
4-hydroxyrNT(l Visopropyl-1 '-imidazol-2-yl) methyl- 6-pheny 1-2- 
phenylmethyl-hexanamide; i .i - . : . . 
cn brr (2R; 4S, 5S> 1 •S) -5- ( (l f l-dimethylr2-hydroxy) ethoxy- 
iv 'carbonyl) amino-4-hydroxy-N- (l. 1 -isopropyl-l f - (4- 
15 isopropylcarbonyl-imidazol-2-yl))methyl-6-phenyl-2- ;i 
; in 'o ;>sphenylmethyl-hexanamide dihydrochloride salt;: 

;v; (2R / 4S / 5S/l , S)-5- ( (IS)— l-methyl-2-hydroxyethoxycarbonyl)- 
Iv;^ -amiho-4-hydroxy-N- (i f -isbpropyl-l f -imidazol-2-yl) methyl-6- 

- r: .phenyl-2-phenylmethylhexanainide; , . or. .> . 
^20v<q(2R, 4S/5S, l: f S) (lR)-l-methyl-2-hydroxyethoxy carbonyl )- 

a v r v aminor4-hydroxy-NT 1 (1 1 -isopropyl-l '-imidazol^-yl) methyl-6- 
- phenyl^2-phenylmethylhexanamide;: t ^* v rjjj < 
. (2R r 4S, 5S, 1 • S) 5- (1-hydroxymethyl-cyclopentyloxycarbonyl) - 
aminorr4rhydroxy-N- (1;' -isopropyl-l , rimidazol-2-yl) methyl-6- 
: !d 25ii iphenyl-2-phenylmethyl-hexamide/ >:* , : *\- :i - s 

>d(2R> 4Sy 5S, ;H S) 1> l-dimethyl-2-hydroxyethoxy carbonyl) amino- 

o.r* 

* -phenylnieth^^ ^-/J. 
,X\>r; mJ(2R) 4S; 5S/1^S) -3^(hydroxyethoxycarbonyl) amirior4Thydroxy-N- 
r ^:>r.3(j::J U(i , -isopropyl-iv'-inddazol-2-yl)methyl-6-phenyl--2- or 

phenylmethylhexanand.de; and i v v: ^ 

it-: \ \u: ,;g;.i:(2R/..4S>;5S # rl^S) (2r?hydroxy-l-methylethoxycarbonyl) amino-4- 
,.i r f ;r hydroxyrN^.(l J-lsopropyl-1 Vrimidazol-2-yl) methyl- 6-pheny 1-2- 
-. ;: r;* ; rPh^ylmethyllte^ n:-*,-;^;:.-/:;; *x •.■ \: . ■ 

35 , Lyii More preferred representative conqoounds : are : 
(2R r ,4S/5S r i;S)T2-ph^ 
■no* nit -(amino- 6-phenyl-N- (1 ^isopropyl-l V- (imidazo-2-yl) ) methyl- 4 
o j: vii ohexanamide hydrochloride; ~.-Mn : • 
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- (2R / 4Sr5S,l , S)-5-(isopTOpto^carbonyi)aitd^ . 
v isopropyl-l'-imidazol-^^^ 

hexanamide; " ^ : ^ " ^fVi A- i V ^ - - . / 

. (2R/ 4S/ 5S, 1 1 S) -5- ( fc-butoxycarbohylVamiri^ [1 
5 isoprqpyl-1 

pheriyl-2-phenylmethyl-lie^ainide ; ; "qpwe isd:*ori& 
! (2R,4S, SS/l/SV-S-fi/l-dimett 
4-hydro^ 

phenylmethyl-hexanamide hydrochloride 
10 v (2R; 4S f 5S, 1 • S) -5- (hydroxyethoxycarbohyl) ^ 
; (l'-isopropyl-lt-ind^^ 
phenylmethylhexanamide; and rV.im-.^^ 

(2R / 4S # 5S, l f S) -5- (2-hydroxy-l-methylethbxyc&rbonyl) amino-4- 
hydroxy-N- (1 • -isopropyl-1 , -imidazol-2-yi) methyl- 6-pheny 1-2- 
15 phenylmethylhexanamide; v .^^ 'Zi / 

The term n alkyl n refers to'a straighttior; branched chain 
' alkyl radical of the indicated riumber^bf ' carbon *atoms . ; 
n Ci-4alkyl tt as; applied \ herein lis j meant to -include /methyl, 
ethyl, propyl, isopropyl; butyl/ Sdsobtityl/^ec^butyl/ tert- 
20 ■ butyl; n Ci-6 a i k y lw includes addl^ioriaily 'peivtyl;* ^opentylV 
l 2-methylbutyl, 1-methylbutyl, i2-ethylpropyl:; riebpentyl, n- 
hexyl 2/2-dimethylbutyl/ 2-methylpenty^ 
i - ;/ n Alkoxy n refers to an alkyl group of th& 'i n dicated number of 

carbon atoms attached through a bridging:oxygen -atom. 
25 n Alkylthio n refers to ah alkyfc group of ; the- indicated number 
\ of carbon atoms attached through a )brUdgiifg : sulf uri^atom. 

The term "substituted alkyl w f a$ -us6d hereiii vii >meant to 
include Ci^6alkyl# Ar-Ci-6alkyl/hHet-Ci^6alkyl/r 02-6*1*^1/ 
; : , Ar^-eaik^y 1 ' Het-C2-6 alkenyl/, Ca-gcycloalkyl-Ci^gall^l/ 
30 C3-6cycloalkenyl-Ci-.6alkyl or Ci-galkyl substituted ;with acyl 

or hydroxyl. " \ >bh:i&f:*x®dt <{tLi * 

o • u. {' ■ "Alkenyi" irefers to 

■■». chain of the indicated number of i ^cai*oh~atbms/V^which"contains 

one or more carbon-carbon double" bonds? at- 'any^'stabiei point 
35 along the chain, such as' ethenyly propenyl> butenyl, > - 
u r pentenyl, ,2-metAyIprbpenyl r H hexeriyl; - zmdit^^ikfe^"? : 
• ; , n Alkynyl" refers to a. straight oir bitched -hydrocarbon 
chain of the indicated * number rbfrcarbon ^tomsiiWhich - contains v 
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v :ia carbon-carbon triple bond at any stable, point along the 
r - - - chain r :.suc^ asi ethynyl, 2-propynyl, 2-butynyl, 4-pentynyl, 

s v h, 
5 c lT6 a lkyl/ ^Ci-6alkyl rv Het-Ci-6alkyl # C 2 -6allcenyl f 
y ^ C 3 -6Cycloalkyl- Ci_ 6 alkyl, 

vds-gcycioalkenyl-Ci^galkyl/ OH^NHRia, wherein is tf, 
i iCi-galkylv Ar-Ci-galkyl, HetTCi-galkyl, - C2-6alkenyl, 

Ar-C2-isalkenylv Het-C2-6alkehyl, . C3_6cycloakyi-Ci-galkyl, or 
10: j C3-6cycloalkyl r or C5-6cycloalkenyl-Ci-6alkyl; or, .an a-amino 

^cid or an .a-amino alcohol bonded at the nitrogen; 
y tin c o "Cyclbalkyl" refers to a saturated ring group of the 
indicated nuniber of ;carbon atoms. "C3-7cycloalkyl w includes 

- cyclopropyl, cyclobutyl, cyclopentyl> cyclohexyl and 

is ' cycloheptyl v r. "Cycloalkenyl" refers to a saturated ring group 
of the indicated number of carbon atoms , having at least one 
lendocyclic carbon-carbon double bond. "Cs^cycloalkenyl" 

- includes cyclopentenyl, cyclohexenyl and cycloheptenyl". 

^ -i.l- "Aryl"^ J abbreviated as Ar, refers to phenyl or naphthyl, 
20 optionally substituted with one to three halo, OH, OR 10 , 

: Ci-6alkyl, ; Ci-galkoxy, Ci-6alkylthio, Ci-galkylamino, CF3 , 
w I amino/>irc>2> carboxy, Ci^alkylcarbonyl, axoinocarbonyl, 
>c: Ci-gaOJcyl-Het , Ci-6alkoxy-Het , Ci-6alkyl-phenyl, Ci-galkoxy- 

phenyl/ Ci-ealkyl-, Ci-^alkoxy-, HetCi-salkyl-, HetCi-6alkoxy-, 
25 - phenylCi-fialkyl-, phenylCi-6alkoxy- or phenyloxy. 

: As used herein except where noted, the term 

^heterocycle", abbreviated as w Het", represents a stable 5- 
J : o;tQ. ; 7-membered monocyclic or a stable 7- to 10-membered 
* 'bicyclic heterocyclic ring, which is either saturated or 
30-' unsaturated^ and which consists' of carbon atoms and from one 

to three heteroatoms selected from the group consisting of N, 
; O and S, and wherein the nitrogen and sulfur heteroatoms may 
Ly> optionally be oxidized, and the nitrogen heteroatom may 
lut: optionally be quaternized, and including any bicyclic group 
35..' in which any,* of the above^def ined heterocyclic rings is fused 

"'• ■to : a benzene ring: oThe heterocyclic ring may be attached at 
yjt.i any heteroat m;or carbon atom which results in the creation 

of a: stable I structure, and may optionally be substituted with 
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one to three halo, OH, .alkyl,: alkoxy>^alkyl-Het f >alkoxy-Het f 
/' alkyl-phenyl, alkoxy-phenyl. . \; Examples of j such heterocyclic 
elements include piperidinyl, :i piperazinyl; - 2-oxopiperazinyl, 
2-oxopiperidinyl, 2-oxopyrrolodinyi; ' 2-oxbazejpinyl, azepinyl, 
5 pyrrolyl, 4-piperidonyl, pyrrolidinyi; pyrazoiyl, , 
^ * pyrazolidinyl, iiidazolyl, pyrldyly pyrazinyl/foiiazolidinyl, 
oxazolinyl, oxazolyl, isoxazolyl, moipholinyl, > thiazolidinyl, 
thiazolinyl, thiazolyl, quinuclidinylv indolylj; quinolinyl, 
isoquinolinyl, benzimidazolyl, benzopyranyl,Tbehzoxazolyl, 
10 furyl, pyranyl, tetrahydrofuryl? tetrahydropyranyl,\ thienyl, 
benzoxazolyl/ thiamorpholinyli sulfoxide, thiamorpholinyl 
sulfone, and oxadiazolyl. Heteroaryl; refers to a heterocycle 
which has aromatic character • (eg., characterized by 
delocalized electron resonance and. the ability -to sustain a 
15 ring current) . : ? Pyridine, imidazole,, thiazole , f uran and 
oxazole are examples of heteroaryl rings '* f>/- *■ y ): 

"Amino acid" means the D- or L- isomer of alanine, 
arginine, asparagine, aspartic acid, cysteine, : glutamine, 
«. glutamic acid, glycine, histidine,. isoleucine? leucine, 
20 :? - lysine/ methionine, phenylalanine,: proline,' [ serine,) 

threonine, tryptophan, tyrosine/ valine cor^trifluorbalanine. 
. - In general, the amino acid abbreviations follow the* IUPAC-IUB 

Joint Commission on Biochemical -Nomenclature, as described in 
... Eur, J". Biochem., 158, 9 (1984) ; Usually .lipophilic amino 
25 acids are preferred for the moiety B, 1 for -instance; > Val> Ala, 
Leu and lie. . It will be understood that) a linkage B-0 refers 
\ to an oxygen atom bonded to the carboxyl; group jpf ,an amino 
acid, and that a B-N linkage indicates a, nitrogen atom bonded 
L to the carboxyl group of an amino acid, r as* in an : amide bond. 
(.30. "Amino alcohol" refers to an amino acid in, which the carboxyl 
, : group has been reduced to a methylene hydroxy -group,; 

Certain chemical names are abbreviated herein -for the 

sake of convenience; Boc refers! to T the? t-btitoxyckrboriyl 

«- . - ■ . - 

i. radical. Cbz refers to the carbobenzyloxy/ iradical ;o Bzl 
35 refers to the benyzl radical.* ^ Ac refers^ to adetylU Pht 

refers to phenyl. BOP refers to benzotriazol-l-yloxy- 
-j : tris (dimethylamino)phosphonium hexafluorophosphate ; j DCC 

refers to dicyclohexylcarbodiimideiv DMAP , refers, toj 
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dlmethylamin-opyridine, DMSO refers to dimethylsulf oxide . 
HOBT. refers to 1-hydroxybenzotriazole. NMM is" N- 

vv ^l^y^J^o?^^.!^, la dithiothreitol . EDTA is 

ethylenediaraine tetraacetic acid. DIEA is diisopropyl 
5 ethyiamine,. ^OT^s 1,8 _dia2obicyclo[5.4.0]uiidec-7-ene. DMSO 
is dimethylsulf oxide. DMF is dimethyl formamide; Lawesson's 
reagent is 2 , 4-bis (4-methoxyphenyl) -1, 3-dithia-2, 4- 
diphosphetane^^-d^sulfideand HF 
refers to hydrofluoric acid and TFA refers to trif luoroacetic 

10 acid. " '{ 

The compounds . of formula (I): 



5 Vy' 

; ^OH R 3 



15 ^iWhe^lA-Sf.-is ,^m»CTR^ L H5 : is r10 R 11 n . / ;aad R l f R 2 f R 3 ^ 

W; )-R 6 ^are as defined in; formula (I) , are prepared by: 

: >x ;<l) (a) coupling. a ;conq?pund ;of the formula : (II) : : 

1xv :;y.-d:i : r ;e ; noi -v. "\, : .wr-.- ■ - : - ; ; - ■ . <--;,- ■ 

*."--: R r R* O 

': : vo:.; ! 'f^v :; Jr. -;>c v. •f-K- OPr 1 , ^ : . ; , ( . .. . 

20 , , .'' (II). 

. t with, a . compound of formula (III): 

f ^.«oh-fqo y« atfr .^ T.'I :»= HR'N-CHR6'R7; ^ . >; 

where R*', R*^ r3', R 5« r RS'^aajl R 7 ^ are as .defined for 
25 ^P^?uw ( PG^f^f:f my , ^ a f£A?? ,9»ups .protected^ Pr 1 is H or a 
"b ,&?&?£ y ^ .. W, L f is. OH or a... leaving; group; 

or r " " , ; " . '' • I . ' " • 

( ^ - vi i coupling, a compound of the., formula (IV) ; , 

- 3 ' • .... : ' : h 2 n /I, ^ , y r ' ^U^"";, 

. (iv) ; 

. with a compound of the formula (V) : 



'WO 93/02057 



" PCT/US92/0fi047 



- 18 - 

wherein A' and B' are as defined 7 in :■ ^foymlSPTi^^with any 
reactive groups protected; or - V1 : ^h**^?n*Xv4?* 
■•"■(c) coupling a compound of thk Simula -(^yi^ : ;i £ 




. (VI) ■ . 

with a. compound of the f orintila jviIJ^-V-tfO. 
10 A'-L f 

/ (VII) 
and, '.; Y * ^ 

2) if appropriate , a coupling agent; and 

3) removing any protecting groups and 

is 4) forming a pharmaceutical!^ r 

The coupling reactioris v may be accoitqpiislied by Activating 
the substrate with a reactive functional- j grbup in ^itu or 
prior to the coupling reaction, such that it is reactive with 
an amino group.. For instance,, acids may. be converted to acid 
20 chlorides, bromides,' activated esters or anhydrides, or by 
adding" a coupling reagent. Coupling agents are well known in 
the art for activating a functional group in situ, . 
Exemplary of such ag"ehts are* DCC^ and 6^er <:! ^^ljbdiiTriides, 
• DMAPEC, BOP and PPA. " These coupling agents may optionally be 
25 used with other reagents, such a HOBT, NMM and DMAP, which 
~may facilitate the reaction; ' V ';. v 

Suitable ? leaving groups; 3 L'/'-'i^'^dse' whi&'^are L " 
f ' 1 displaceable by an amino 1 group; such" as bromo, chlbro, a 

substituted acyl (eg. trifluoroacetyl, bromobenzoyi; 0 
30 nitrobenzqyl) of a substituted 'plienol * (egi 4-iiitrophenoi) and 
the like. If L f is OH, so tljat A-OH is an acid, it will be 
appropriate to use a coupling agent as h reinbefore 
. described. : Y 

For instance:'" * ' ' V.^-%\r; v 
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YJ':v^\^ alkyl;. group, such as 

=o I R^CR^R^CJar ;L!iitiay he a br mo, chloro, iodo or .^an alkyl or 
■ "'aryl'^sillohate^--^' ^ ; • 

i r ... When A. is R^IR^Om-W, Ar-W or Het-W, and W is OO, 
5 :» A-L* may beLaicarboxylic acid- halide, activated ester or 
-(anhydride,, or a-carboxylic acid in the presence of a coupling 
v r ; agent . v Methods for preparing such compounds are well known . 
; a v ( When- W^is 0C«0, Ar-L 1 may be a- chloro- or bromo-fprmate, 
I or an: activated carbonate." Halpformates may be prepared by 
10 ; ] reacting the appropriate alcohol with phosgene or 

carbonyldibromide: v Activated carbonates may be prepared by 
r.fi y ; reacting, 1 the appropriate ^alcohol with a suitable carbonate 
such>as/bis(4r-nitroiAenyl)'carbonate; ^ "•■ : -.> 
au :./r; ( ^^When^V>is.<-S02/^A--L l may be a sulfonyl halide: which may 
T . 15 i be preparedCf rpm the corresponding ? sulfonic acid. 
^ * 'Xwhen Wiis SC«0;> A-L 1 - may be 'a halothioformate/ which may 

be prepared from" a 'carbonyldihalide and an appropriate 
*•* 'mercaptan. ' - ":' - : * js'dr .?.[•■ - : - : 
• 7 - : - When W is P0(0R 22 ), A-L f may be a phosphonyl halide, 
- 20 "3 which may^be- prepared from the corresponding 'phosphonic acid. 

Compounds wherein 'A is R 17 (R 18 R 19 C) nf-W, Ar-W or Het-W, 
•J*.* and H ds NR'C^O are' ureas, and may be prepared by reacting a 
^ compound of? formula; (VII) with an isocyanate of the formula 
R 17 (R 18 R 19 C) m -NCO, Ar-NCO or Het-NCO, in a suitable solvent 
25 such as methylene chloride, optionally with heating. 

Compounds of formula (III) , wherein X is nitrogen, are 
imidazoles and may be prepared according to Scheme 1, wherein 
^ Pr 2 is a removeable amino protecting group, and R 7 ', R 8 ! and 
R^Lcorrespond to R 7 V* R 8 ;and R 9 as defined for formula (I), or 
30 a group which may be., converted into R 7 , R 8 or R 9 , with any 
react ive s 'groups protected. 

" c ■ r - :: ^^ ' r: /x *\ Schftnift 1 1 : ; • - ! ' ? " • . 



" N if 1 P^-NR* 



.35.. ......... r H 

yiX&.-;l:-: - ?l v. '.'r. .•>*.■:. ,-.-.c>. ti i C u;v..>-: • ■. • ' ■ . .;;••) •■ 

(VIII) 
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The amino aldehydes are generally known; or are 1 prepared by 
; -- : methods well known in the < art; '''ielt^h^t^o^^^y^AiM'of 
a suitable a-amino acid ester with diisobutylaJLuminum 
hydride. Further reaction of tie! aldehyde ; with, a gem 
. 5 dialdehyde, or diketonev X and > ammonia yields 1:he : desired 
: imidazole. Alkylationland further modifications of;- the 

substituent groups of the imidazole * are:i within the^skill of 
the art. Such a method/ and other methods fori preparing 
imidazoles are disclosed/ f or insltancfe; Jby ^Baldwin et al . , «7- 
10. Med. Chem. r 29, 1065 (1986), Angew^Cfcem?^ 
.•-.< . (1983) ; and Hughey et al;, iSynthesis;>148^ 
> Alternately, acyl imidazoles may vbe iprepaitedsby ^coupling an 
a-amino acid to a siabstituted.,4-aminbr:isoxazole/ A iand 
subsequent reduction and base catalyzed reaanraiiigement as 
15 disclosed generally by Reiter , L . A. y JV iiOrg • ^Chem. , c52 , ? ;2714 
r (1987) . Intermediate compounds of formula (VIII) are a part 
, of this invention. Preferably, uR 7 '< i^^galkyl^ 

preferably C 3 -6alkyl. Suitably, R 8? and R 9 Vare : /H^ N02/ Br, 
COR 12 , CF3, Ar, Ci-galkyl or Ci-ealkyl-R 15 / wherein R 12 is H, 
20 Ci-^alkyl,. Ar, OCi-*alkyl,/N52/: and R^ 
* hydroxyl group. Preferably R 9 is Hi or COR 12 . ^ v 
Compounds of formula (III)r 'vr^ 
....;:■«.. thiazoles and may be, prepared according tO;,Schemer;2,:. wherein 
> L n is a: suitable displaceable ^oup\.Vd'\^->: y&l'S^fff* - -T 



25 




30 Accordingly, a thioamide is reacted with a ketone or 

aldehyde. Thioamides are commonly prepared from carboxamides 
by reacting the corresponding carboxamides with a reagent 
such as Lawessons ..reagent, as disclosed, yZor instance, by 
s Hamada et al . , Tet . Lett . , 931^(1991) . ^Suitiable^ S&splacfeable 

35 groups are those which are displaced by a sulfur nucleophile, 
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such as chloride, , bromide, iodide, mesylate, p-tolunesufonate 
groups, and the lik 

Compounds of formula (III), wherein X is oxygen, are 
oxazoles and may be prepared according to Scheme 3 from 
5 Common amino acids. - ^ 



Scheme 3 




10 Typically the acid may be coupled to an appropriately 

substituted amino alcohol by common, techniques, as described 
y.'s*> ^pye^^^andcyclized byitreatmentWiththiony In chloride to 
, VJ yield an oxazoline, as described by ^Meyers et al.,, J. Org. 
; r : : Chem., J 43, 1372 = (1978) . Oxidation of the oxazoline, such as 
15 .descried by Evans et al r , J. Org. Chera., 44, 497 (1979), 

yields an oxazole. ^ : -r t - 
m , . The, compounds , of formula, (II) , (IV) and (VI) , wherein R 2 
- : ris H, are prepared, for instance, according to Scheme 4. 
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Boc-NH 



R 1 

V 



(Of-Pifccm '« o-'h i Cl ' 5,11 ' ,; ' * f 1 - 1 ' f 5 

^CPzQzHs 



» ^.j;; r ]\ ^ •'■ ■ v -Hi ? • 

Ph-CHj.CHzPfe. Boc-NH 



Boc-NH 




0-Pr)2N-U 




Boc-NH 



1) UOH.H2O.MeOH 

2) t-BuMe2Sf-Cl. imidazole 



R 1 




CQaH 



Boc-NH 

■ f OH R 3 

*•-■■■' ' Other methods for preparing protected 5-amihb-4-hydroxy- 
3 5 * 2,5-disubstituted-pehtanbate esters -and 1 acids ;^ and the 

corresponding y-lactones; a * ,e well - knora and fare " disclosed/ 

for instance, in Szelke et a^^ Boger 
et al., U.S. Patent 4,661,473, EP-A 1 ©^^^^ et al./ 

J. 6rg. Chem., 50, 46i5 (l$8$y, :r K^^ 51, 

10 3921 (1986), Pray et al^, Jv Org. cfiiOT.^ 

Halladay et al., Tett. Lett., 24, 4401 (1983), Wuts et al., 
J. Org. Chem., 53, 4503 (1988), DeCamp et al. f Tett. Lett., 
32,1867 (1991), and Szelke et al., WO 84/03044, all of which 
are incorporated herein by reference. 

15 The compounds of formula (II), (IV) and (VI) , wherein R 2 

is OH, are also prepared by methods common in the art such as 
those disclosed iri U.S. Patenjt 4,864,017* arid Thaisrivorigs et 
al., J. Med. Chem., 30, 976 (1987). 

Compounds of formuia (I) , wherein R 5 is R^-NR 11 , are 

20 prepared according to Scheme 5, Scheme 6 or Scheme 7 : 



::>: vii-.-^ , r ,-. c "o\i : • t..' Scheme 6 

; ( .\' s^;r^r?' : .; -v' ^ ;": " s r 1 ' r* v - ;v . o 

= ...... ^ : " : <W> M%CH(OMe)2. • H <W R3- 

- . Z ".\. t ' ... . .'• " -rV" 

'""^ t^i^^y"* deprotec V: , ; VSi^Mv 114 

/.v.^ ..'.v V : i -1;'-*' ■-.*.; ":*»" .-vv " '. ■ ■ ■ • ' ' *v 

Scheme 7 



R^' r H VU ' :; - * i;; : ^ - " :1 j "r8 
n: .y-.-y^- & r\-Nn> i R 1 *:- R* ». -, f • o., < . \— N R 1 : R*: 



OH R 3 

" : therein R lf -R 4 'y R 7 ' and' R 8 ' are as defined in : formula (I) 
a a 1 with - any reartive "groups protected/ L 1 is a 1 aviiig groupi 
: 15^ : such as'-'halogeri, and'Pr 1 is*a hydroxy-protecting group ^ 
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:>, .v.-, Scheme 5 ^ ■ ; 

xx r* ;;rc ° ncs , i x r * ■ 

OPr 1 R 3 * ; H OPr 1 R* 

(IV) , 

'' R* ^ ' "VS R1 R2 



i ■; 



m 
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Compounds wherein R 4 is R^NR 11 -^ are prepared in an 
analogous manner from a compound of formula (IX) : 

Suitable protecting groups forthe^ 
carboxylic acid, mercaptan group, and reagents^ for 
deprotecting these functionallgroups are ^disclosed in Greene 
et al., PROTECTIVE GROUPS IN ORGANIC SYNTHESIS/ Second 

10 Edition, John Wiley and Sons, New York, 1991. Deprotection 
indicates the removal Of the protecting group and replacement 
with an hydrogen atom. In particular, . suitably substituted 
, acetyl, benzyl and silyl groups are useful^ for[pfotecting the 
hydroxyl group. The acetyl ^oup isVcorainonly removed by 

IS reacting the compound with a base, such as an alkali metal 
hydroxide, in a mixture of an alcohol and water. The silyl 
group, such as trimethyl silyl, dimethyl-t-butyl silyl, and 
t-butyl-diphenyl silyl may be removed by, a fluoride reagent, 
such as a tetra-alkyl ammonium fluoride, or by acid 

20 hydrolysis. The benzyl group may be removed by catalytic 
hydrogenation. ^ 

Suitable protecting groups for the amino group are^those 
disclosed by Greene et ail V "as^indicated: prj^^lyr; Thfe 
benzylbxycarbonyl and \ t^toxycarbonyl groups are especially 

25 useful amino protecting grotps^T^^r* y-'i' "\ — v 
'The present invention includes pharmaceutical^ 
acceptable acid addition ' salts . Acid addition salts of the 
present compounds axe prepared in a standard^ manner in a 
suitable solvent from the parent conpouhd and -ah excess of an 

3d acid, such as hydrochloric, hydrobrcmd^ 

phosphoric, acetic, maleic r succihic^or methanesulfonic. The 
acetate salt form is especially useful. ; If the final 
. compound - contains an acidic^group, cationic salts .may be 
r .prepared. Typically the, parent c cbmpottod^is treated w with an 

35 .excess j of ; an alkaline . reagent, such; as a c hydr oxide, ..carbonate 
or alkoxide, containing the appropriate cation. Cations such 
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r.as Na + / Ca^t. and NH4ti axe examples of cations present dLn 
* ■ ' "pharmaceutlcairy f acceptable salts . : Certain ; of " the ( confounds 
- : ' " - ' * • - r -if orm ; -inner salts:- or 2 witter ions which may also be ! acceptable • 
0.+ ^ :The' ? compo\inds of the present invention selectively bind 
1 : ^ 5 r "to -ret rbvirai : prbt eases in the same manner r as ? > the* virally 

'■ coded 'natural substrates of the proteases and compete with 
■ —these substrates : fot : protease,^ thereby serving to ? inhibit 
o r o ; -. viral replicatioh^by blocking 'the formation of crucial viral 
proteins from poiyprotein precursors by the protease, and 
•'•"'-10 •■■ ' hence, to inhibit' r disease progression in vivo. The present 

c v'coirpounds "achieve" such beneficial therapeutic effect because 
,?n:.t- "the^y contain uh impart 
V £ */ : ^ -'desirable pharmacokinetic properties to the compounds. One 

such property is' long duration of action • We have found that 
> ; a l5" substitution^ of ' W heterocycle,- especially imidazole, in the 
1 ;i V v putatiye P2 1 ^position of the' present compounds 1 affords 

... compounds which ' retain r gobd enzyme binding affinity,' good 
v^' : antiviral ' activity , a favorable duration of action and water 
solubility"' for * good "drug delivery , 
20 ' : ' When - a compound of the 1 present* invention is administered 
to an animal' 'infected or potentially infected with r a 
^ m ' retrovirus; viral replication is inhibited and hence disease 

-progression is * retarded V - Inasmuch as the amino acid 
Ij*j:yr -33^ binding and peptide bond "cleavage 

25 sites of various retroviruses appear to be highly' 'conserved, 
an' inhibitor 1 ' is f likely 'to f be 1 broadly : active ' against 1 more than 
one retrovirus; Also, -DNA viruses - which are dependant upon 
-'^virally- encoded' proteases, isuch as' the 'hepatitis virus, may 
also be susceptible ^to^such^ treatment. r --v- op r-jiu-* 
30 • The confounds of 'formula J (I) are used to inhibit 

retroviral replication^^ in treating mammals, 

- v particul^ who are ; infected : with - , J 

\ ~ 4 - -'i susceptible retroviruses r and ? require such treatment . 1 The 
. ■ V 1 ' ' " " 'method of treating a "retroviral disease in a mammal » ~ 
35 particularly •a ; human> ri comprises 'internally administering ' 
1 ; : - :r (e.g. / : orally/ paxenterally, r buccally, : trahs-dermally, 
h v if.'i rectally'br by r insufflation) to said manmial' an effective 

- amount'-of a' conrpound'^of formula r (l)^ : -preferably : dispersed in 
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a pharmaceutical carrier;:^ Dosage. uhitisiof the; active 
r • ingredient may be selected iby.jprocedittea^croutinexto^one 

skilled in the art, ^d ve generailyii^ 0.01-50 
. :-mg/kg. These dosage vunits may be administered^; one to ten 
v 5; timesj daily for, acute or chronic .infection y ^Preferably; the 
;:c%.« compound is administered at> a.level^of 1^10 : mg/kg, ; ; two to 
: f j i fours times daily . x No unacceptable^toxicologicar : effects are 

>-. indicated when cbmpounds j; of ; : this s invention are kdmihist^red 
i ^ in. ; the ; above noted dosage .range & vfrtcj'w^it aitio :v?vq 
10 . - ; ; The present invention also ; provideS|:a method, of treating 
disease states associated withjHiy, infe^ion^i^^ Acquired 
Immune Deficiency Syndtome : (AIDS) f Jx compris^ 
o an effective amount of a compound; of , onaula x( I) • , : preferably 

, ; . t dispersed in a pharmaceutical ^carrier, i Y-^^^q ;s 
15 ,? Beneficial effects may^be^realizedj by cc^aclministering, 

individually : or . in ; combination, other^ Mti-yiral agents with 
the protease inhibiting compounds of - the* present 
, Examples_ of anti-virai agents^ include^ nuclebside; ^ 
phosphonoformate, rifabutin, ribavia3n, :v phbsphonothipate 
20 n . oligodeoxynucleotides, . castanospermine,, dextran 7 sulf ate fi 

alpha interferon and ampligen. Nucleoside.^ analogues, which 
include 2 f , 3 • -dideoxycytidine (ddC) , 2!, 3 • -dideoxyadenine (ddA) 
and 3»-azido72S3 , -dbLdeoxytA^ 
. ,.„. useful. AZT is a preferred agent;.\j t . Suitably ^pharmaceutical 
25 . compositions comprise an .anti-viral: agent, 0 a protease ? . , 

inhibiting compound^, of 
4V pharmaceutical^ acceptable., carrier ^ 

. This; invention , is * al^^ ' 
which comprises a compound of formula ^(1) and r.%.i:& 
30 pharmaceutically acceptable ^carrier* ,;.. u Phaa^ceutical (i r 
acceptable carrier .are well known id^,^ 
disclosed, for, .instance, ixi.jSBBC^ 
: , Dittert, (ed.) #,-.J.B. Lipp^cott jC^ v: . Philadelphia ,^ 

and REMINGTON 1 S PHARMACEUTICAL ^SCIENCES ,^Gennaro, . . A . .,, <(ed . ) , 
35 Mack Publishing, Co., Easton f][1 Pennsylyania,, 11985. ^^-, ^, 

, Pharmaceutical compositions : * of,. the co^ounds ...of j the 
.... present invention, or derivatives;}^^ d 
as solutions , or lyophiliz^ 
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' ii administration .^.* Powders may be ; reconstituted by addition of 
a suitable diluent .or other pharmaceutical^ acceptable 
i : : carrier, prior to use. ;> The liquid formulation is generally a 
buffered, isotonic, aqueous solution. Examples of suitable 
5 i diluents are normal isotonic saline solution, standard 5% 
: : : dextrose in; water or buffered, sodium . or ammonium acetate 
^solution. v; Such formulation is especially suitable for 
parenteral administration, : but may also be used for oral 
• ' administration or contained in a metered dose inhaler or 
10 nebulizer for insufflation. It may be desirable to add 

excipients * such as 1 ethanol, polyvinylpyrrolidone, gelatin, 
^ ^hydroxy cellulose, acacia, polyethylene glycol/ -mannitol, 
-sodium chloride or- sodium citrate. 

• > * . j Alternately, i these- confounds may be encapsulated, 
15 tableted" or prepared in a emulsion or syrup for oral 

administration. Pharmaceutical^ acceptable solid or liquid 
carriers may be added to enhance or stabilize the 
composition, or to facilitate preparation of the composition. 
- Liquid carriers include syrup, ^soy bean oil, peanut oil, 
20 r - olive oil, -glycerin, saline, ethanol, and water. 
«co solubilizing agents, such as dimethylsulf oxide,.: ethanol or 
' formamide,' may also be added. Carriers, ; such as oils, 

optionally with solubilizing excipients, -are especially 
'> suitable. ; Oils include any natural or synthetic non-ionic 
25 ; "water-immiscible liquid, or low melting solid, which is 

' capable of ^dissolving lipophilic compounds. Natural oils, 
-° Ysuch as ^triglycerides -are representative. ' In fact, another 
: ' -aspect of this invention* is a pharmaceutical composition 

comprising'^ compound of formula (I) and an oil.' ' 
30 >:i Solid; carriers include starch, lactose, calcium sulfate 
dihydrate, terra alba, magnesium stearate or stearic acid, 
talc, pectin, acacia, agar or gelatin. Solubilizing agents, 
such as dimethylsulf oxide or formamide, may also be added. 
J The carrier { may also include a sustained^ release material 
>35 ^ ^ such as glyceryl monostearate or glyceryl dist earate , alone 
3 ;Y? or with a wax. ^ the^ amount i of solid carrier: varies but, 
^ -preferably,^ will be between-' about 20 mg to* about 1 g per 
5 rJr dosage unit . The pharmaceutical preparat ions • are' made 
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following the conventional techniqu suoff pharmacy involving 
milling, mixing, granulating, and compressing, " when 
necessary, for tablet forms; or milling/ mixing and filling 
. for hard gelatin capsule, forms. , When a: liquid "carrier is 
is-lused, the preparatlbfi- will* be*. in' Ittte^ozm, oft ai/sjnp* ?' elixir, 
emulsion or an aqueous or nbn-aqueous, suspension . Such a 
liquid formulation may be administered; directly p.o. or 
■ filled .into a .soft- -gelatin- capsv^^p^-^-X^::^ ti, { , 
t ; : A suitable dosage form for. oral administration has been 
10 prepared by dissolving the . peptide -of Example 1 (312 . 5 1 mg) in 
■ . dimethyl sulfoxide (1 , mL) and; diluting, to. a> concentration of 
12.5 mg/mL with soybean oil. ? ,A ; suitable! dosage form for 
intravenous administration : has been prepared by dissolving 
the compound of Example 1 (0.02' g) in .dimethyl sulfoxide (1 
15 mL) and diluting to 20 mL with a 70% propylene glycol/30% 
± ■ . ethanol 'solution. ...... • . : .:?t hi 

For rectal administration, a pulverized powder of the 
compounds of this: invention may be .. combined } with-; excipients 
such as cocoa butter, glycerin, gelatin; or polyethylene 
20 glycols and molded into a suppository. -The;: pulverized $ 

powders may also be compounded with an oily; preparation, gel, 
cream or emulsion, buff ered or unbuffered, and* administered 
..through a transdermal patch. t, .rio-.i : ,ls::v : \ LL:-x<.i ..--v.) . • 
The pharmacological activity 'of the ^ cbmpbuna^ ; of this 
25 ; invention may be demonstratedibyj enzyme .assays-i to r.determine 
... L the inhibitory activity of nthe^retroviral : protease,, by in 
-.,-.<; vitro cellular-based assays to determine : the, ability of the 
compounds to penetrate cells .and ^ inhibit : viral^.replicat:ion f 
and by pb^unnacokiiietic assays 1 ^ 
30 bioavailability, drug half-life and clearance. These assays 
are well known in the art. . ■: -.b 



ENZYME ACTIVTTy ' 




The ability of the compounds „of this : invention to 
35 inhibit th HIV-1, protease , enzyme may be .demonstrated by 

.using the assay disclosed by Dreyer et.al.f.Proc. Natl. Acad. 
Sci., U.S.A., 86, 9752 (1989) ,>: Grant <et al. ,t Biochemistry, 30 
. 8441 (1992), and EP-A 352 000... .The Ki for ..the . compound^ of 
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:'tv> -_this /inyention^ar.e. in the range of ; 1 nM : /to<5 |iM. Preferred 
.: ; ;,conppun<^ . :1 St . . .. 

r:5.r ci-oi: :^The_i ability.- of j the conpounds ,pf : this invention to gain 
i v.ow ;.entry 4 tp^r cells infected with the ; human immunodeficiency 
. ^ - - t yirus f i and, to inhibit < viral ^replication j in vitro may be 
' vim : . o demonstrated using the^assay; described by* Meek, et jtl. f * 
■is s j.* Il^ture^S^S/b 90 - (1990) > and?Petteway^ et al «, Trends 
n '\ biOio. Pharmacol Sci 9 \12, j>28 j (1991) v The IC50^ for the conpounds of 
this ^invent ion: are: inlthe 'range of ;0«1 to 10 LtM. ; , 
s&vr s'q/?;<j,£ \;.>:j:^:v.J-r> So ;*g pi".'-'.-/." Vv>;;:-yt : . 

- CYTOTOXICITY >X ;rc ?;o :• h »,-. 
n t;; ;cn;iCytoitoxicity is assessed by both direct microscopic 
15 examinations of - trypan blue, stained cells (T-lymphocytes) and 
yJ f ^ rt- by the: treated culture Vs/ ability to metabolize the; : 
r ,v JtetrazoliumesaltcXTT- (2,3-bis t2rmethoxy-4rnitroT5- ! - 
Li- o :;i sulfophenyl]-2H-;tetrazolium-5-carboxanilide; r sodium, salt) , to 
a tits formazan, dye .\j The i.*XTT assay, allows determination of the 
20 50% toxic concentration of compounds forothe cell/virus r; 
Xo (system used. ; >x-^i? 0 j-r:^ >o ? - or- -l\ 

in PHARMACOKINETICS: ; u <^ V ,r.-;. \ ; v ;•..,,<; 

:no/^c.i .p-i> ^ ^ Dualt jugular .* cannulated Sprague Dawleyjrats weighing 200 
25 to 2S0 g were ''utilized ;in r ' all 'Studies. "Allt dosing and sair?>le 
,or#% {collection^ was^ done '-from; 'conscious 'rats Before -dosing, a 
time- 0> blood sample,^ 300i J1L,' was. drawn using one.;of ;:the 

catheters* Utilizing the second catheter the Jrats: were dosed 
?f.ov*t f intravenously. x At '-l/clO,* 30 r 60, 190/^120/ 150 f 180 and 210 : 
: rfx3p3 min, after; dosing, 300 blood, samples; were drawn. : C The, rats 

o ru v.dosedicorally were; administered the conqpound by ^utilizing a 22 
.^i gauge r gastric, gavage; needle and sanples were drawnnat 30, 60, 
erf • -9.0,- v 120, :t y240, ; 360,.; 480,; 600, 720 and 1440 <miri.; The blood 
. . samples were placed-in :( precooled tubes; cpntaining.30 mL of 
35r- sodium ,citrate .and centr if uged -in a microf uge The plasma 
wasi transferred then snap frozen on dry ice, and stored at • 

.'■;U W: -70°CzUntil analyzed ./ >zl ;iv;:o:^i^: - ; ^iu,...:;o I ■■■ >iy: 
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■s -o" • standard stock solutions (1* mg/mL)>'of ^ JJoliibitor was 
prepared in 100% DMSO; -'A dilution^ seafiel^' o^ 
solutions were prepared in a total voiume" of 0.1 mL (pooled 
normal rat plasma/DMSO) to yield final coiifc^^aHions of 0 
H< 5 ■ arid 0.5-120X the Ki of 

V -performed in triplicate. 11 These^'sjpiked plasma^ solutions were 
^ extracted with 0.5 ^'"aceto^^ 

'followed byi centrifugatlonifor-iO mih. '/ '^ aliquot 
of the supernatant was removed* ah<U dried { r ±diEppend6rf tvbes 
* 10 fusing a Speed-vac.'* 'The {results in 
DMSO. The inhibition of; the HIV-l^prbteasev activity was 
assayed as follows. An aliquot of the extracted vsaitrple; was 
added to a 50 fiL mixture containing IX MENDTf. buffer? 1 mM 
substrate and incubated* at* 37°C :< 10!min. :rLThe> react ion was 
15: , then initiated by the addition ofcHlv-1 -protease and u 

continued; at .37°C for an -additional 151 min/r? then Jquenched by 
the addition of TFA (0.5% final concentration) r * * Initial 
>^ / rates were- determined for each - standard curve -as -thei fraction 
V rr of remaining enzymatic activity (vi/vo) at each' i nh i b itor 
20 concentration/ in^ which vo is the velocity of the ^X^ or 

(inhibitor concentration) «0 sample. Assuming that all of the 
original inhibitor in the spiked samples' was ^ extracted/ the 
values of vj/vo were plotted versus inhibit6r;:cbncentration 
V ax---.- of the -original extracted -sample ■< and r fitted Itoc the equation: 
25 : MVi/v 0 «[AEt - It - ^ ' 
s \\ ; inr whi<di; : Et is^ the total-enzyme^ concentration : ; at time zero, 
; Ki is the apparent inhibition constant, and A 
-y ..of -.active enzyme. # • - .^.r rt^\ :n.: }.-yX ; /av.flkJ*. .^"6 ■ ' " 
:-■ ■ * . Ex vivo animal plasma samples containing unknown levels 
30* of protease inhibitor were prepaSreti and analyzed as- /l described 
i; for the standard curve described f above . - T The; concentration of 
inhibitor in these samples ;was- then; detefiairied> usirig:* the K£ 
i d and'A 'parameters from the f i£te# "standard; curve' according to 

the ^following equation z\ 6 It^2^[l-^(vi//vo)v] ;+ Kjf(vo/vi) . 
351 ryrir The data was plotted as- the^naturaO-tabg^- (lh) : -of : the- 
i plasma concentration versus time ;bn^sebirogax 

generate the plasma concentration-vs--tim .curves/' Using the 
IV data, the apparent terminal rate constant was determined 
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u.u.; if orm the :linear regression analysis of the plasma . 
. t. j concentrationjvs-time curve. -: The elimination half-life 
(ti/2) was derived by dividing In 0.5 («0.693) by the 
terminal rate constant/ .The area under the plasma 
5 concentration-vs-time curve (AUC) was determined by using the 
v ln/log trapezoidalvrule. . Qmax. represent s.-.the-: maximal plasma 
:* * r.: j concentration; and MiaiV the time following drug ; i. , 

administration at ..which Qmax was. observed. Both values were 
estimated by inspection of the plasma concentration-vs-time 
v i0 ' curve , 1 " Total plasma clearance (CL) was calculated by 

dividing the dose by the ADC. The fraction of. the oral dose 
^i:yd v i: available to 'the. systemic circulation (the bioavailable 

i\ i .v fraction, F) • was determined by the equation : v f . « ; » 
;r [ADCpo/D0SEp O ] ^Xv [DOSEiv/ADCiv]. ' ^ o:- 

g..w v r .The Examples which follow serve to illustrate this 
Jvii : 'invention. The Examples are not intended to limit the scope 
• iJl of this ^invention, but are provided to show how to; make and 

" - use the "compounds of this invention. 
; 20 ' . ?f in :the 5 : Examples/ Kail temperatures are in degrees - 
; ' : Centigrade . Mass spectra were performed^ using - fast atom 

bombardment (FAB) or electro-spray (ES) ionization. Melting 
points were taken on a Thomas-Hoover capillary melting point 
• apparatus and are uncorrected . 
25 ' 1 NMR were recorded at 250 MHz* using a Bruker AM 250 
> " iV ' spectrometer/* unless otherwise indicated. Chemical shifts 
are reported'rin ppmtv(S) downfield from tetramethylsilane. 
Multiplicities for NMR spectra are indicated as: s«=s ingle t, 
: rdtrdoublet/ * t^triplet, T q«quartet, m«multiplet, dd-doublet of 
J 30 doublets r dt=doublet of triplets etc. and br indicates a 
* ! () broad signal. 1 J indicates the NMR coupling constant in 
Hertz. . in^i;; >. ov • . ■ /.::>_ u"c ; 

Celite® is filter aid composed of acid washed 
Y :i diatoniaceousisilicar manufactured by Mansyille Corp./ Denver, 
? -35* Colorado. ; Florisil® ils an activated magnesium silicate 
chromatographic support and is a registered trademark of 
Floridon Co;*/ Pittsburgh/.; Pennsylvania. Sat . indicates -a 
-I^i' :*.••''-■;-■ ' M/:.Uur { Lvh :.:f.v; ;',;>v : ;-...'" ■ ,* v...v - • f. .1 :• - * v; : ; ~: V 7*:..: 
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saturated solution, eq indicates the proportion of - a m lar 
" equivalent of reagent relative to- the' principal reactant. 

"■ • ••:!?•'' " '• ' ■•' -.. " . : <• •/i .'.si ; iV ?;%>67 f -cV*- ; vS v ; i:iV'-> 
... - .... Kvarnple lv.v.- »:ts-.i ^.tif-..;. ; 

s .. ... ■ ■ • :■— '• ■-.-v.! *•-•>••'*'»'/»'.*.'; ■ti'tn&xifcj::? 

prepa rar < on o-F f 9W ; 4 * r * « - 1 « « V ^>-ph<*nvlnif>f hvl -^4 -hydroxy- . 1 ?- ( fi" 
^j-ovyrarh Q nY 1 1 no— fi-pH**nvj-N— H. '-i sooropvl -T-'-fjffll 
y 1))mAi-SYl^h<»x aTiatn^ri«» hydrochloride ^. ^i.^t;; J.i -v 

10 a) (I'SJ-l^^rbobenzylo^amine-lV-isopropyl-l'.-Ciinidaz^- 

. •.. yl) methane .• . . ■ ..<•• ■»» Js- j*<t:.?; J> v ; *-A'v.;.* . • 

. ; , v Cbz-valinal (4.6 g, 1 eq) and glyoxal trimeric dihydrate 
(1.33 g, leq) were stirred in MeOH ; at -10°C. i: . Ammonia was 
bubbled through the solution for several jnlif 'and the mixture 
is was allowed to stir for 4 h at -10°C. The mixture was ^ 
allowed to warm to room; temperature over ,-•■} 14 h^ xthen was 
•: poured into 250 mL: water; The suspension; was ; filtered and 
the filter cake washed twice with' water: to give: the title 
compound as a white solid (1.9..g^ 36%) ; . i ,MMR(CD 3 OD) l . 8, 7 .28 
20 (5H, m), 6.89 (2H, s), 5.04 (2H, /dd)v 4;46 (M; d) , 2.10 (1H, 
; m), 0.91 (3H, d), 0.70 (3H, d) ; MS(CI/CH4) ; m/e .274.2, [M+H]*, 
230.1, 166.1, 123.1, 91.1. -V-?) "^vi' 

b) (l'SJ-l'-amino-l'-isopropylrl^^^ 2 ^ 2 ^ 
25: (i«s)-l , -carbobenzyloxyaminorl'risopropyl-l , -(iiidd^^ 

r. yDmethane (1.9 g); was stirredjiin^methanolj oyer .10% Pd/C (200 

. . mg) . Hydrogen was bubbled through: i^iM^ivti^i^i^PdAd 

,. the solution was maintained , under; a positivev hycirogen 

- atmosphere overnight . The mixture ..was,; : f iltered;.through 

30 Celite® and was . evaporated to a tacky solid ; (720 ;mg> 75%) . 

. : , NMR(CDC1 3 ) 8 6.87 <2H, s) , 3.88 , (1H, d) 2.04. (lH r m) , 0.81 
(6H, dd); MS(DCI/NH3) m/e 190.2 [M«] + i' d 1 ^? • 

' . ' /' ; " :• ■■><.':.. X x. '£ /■ •' . ' 

: c) (2R,4S,5S,l , S)-2-phenyimethyl-4-(t-butyldimethyl)siloxy-5- 
35 (t-butoxycarbonyl) amino-6-phenyl-N- [•l.- , .-is6propyl-l: , -.(imidazo- 
s 2-yl) ]methyl-hexanamide.: ■.■ r- ■■■.wu:% ^X^k^ ii.-,: r ;ip' . 
To a solution of (2R,4S,5S)-2-phenylmethyl-4-(t- 
butylmethyl) siloxy-5-( t-butoxycarbonyl) amino- 6-phenyi- 
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hexanoic acid (200 mg, 0.38 mmol) in dichlor methan , (I'S)- 
•p:? l .T 1 1 J-TsniinoTl J^isopropyl*rl 1 — (iiiiidazo-*2~yl) methane (48 mg, 0.35 
. Shis- r mraol).,. BOP reagent l(168 mg,,. 0.38. mmpl) , and triethylamine 
. *i :i;Ur :h(0.053( mL,. .0.38 mnpl^ ^ re added.. \. The mixture ,was stirred 
. :r.;ii:;r.i-5 rv: \inder> argon, overnight , t and washed successively with water, 5% 
■ ! .7iWt ,-. ;v^queous> fc sodium bicarbonate^ and saturated aqueous sodium 
* ;v .iv 6 ( r chloride. The? solution was dried over MgS(>4, filtered, and 
' " r v uvievaporated to ; a: white solid.': \ The solid was chromatographed 
(silica, 4%. methanql/dichloromethane) to afford the title 
10 compound as a white solid (0.154 g, 68%) . NMR(CDCl3) 5 7.18 

(10H, m), 6.91 (2H, d) , 6.32 (1H, d) , 4.69, (1H, d) , 4.40 (1H, 
. oo ; ^ t), 3.92 (lH,xq) r 3.63 (1H, m), 2.84 - 2.31 (6H, m) , 1.67 

,(4H, m), 1.24 (9H, s), 0.89 (9H, s) , 0.74 (6H, dd), 0.05 (6H, 

.Vw.f , d); MS (DCI/NH3), : m/e 649.6 [M+H] + . , 

£4)o : (2R,4S;5S r l'S)-^^ 
ii i buto^carbonyl)amino-6-phenyl-N-[l , -isqpropyl-l , -(imida20-2-- 
>; r> iyl) Imethyl-hexanamide hydrochloride . / 

The compound of Example 1(c) (0.140 g) was stirred* in 
20 THF at room temperature under an argon atmosphere. 

Tetrabutyl -ammonium fluoride (0.38 mL, 6 eq) was added and 
the solution was stirred overnight . , The mixture was diluted 
v : : ;;with water, and extracted with dichloromethane (3X) . The 
:p : r. combined^ organic extracts^ were washed with water and 

*:.:25 --evaporated . The {residue 5 was .treated with l .eq ot methanolic 
•■:*-3.--cv rHCl, : concentrated,- and triturated. with diethyl ether and 

cnc ethyl^acetate^to give /the title compound as a white solid (95 
';.ri-rng#.^B3JI)^ NMR(DMSO-d 6 ) 8 ,7.78 (1H,. d) , 7.16 (lOtf, m) t 6.71 
<^;;. b,{2R, s),> 6.39 (1H, d) , 4.68 (1H, ; m) , • 4 .52 (1H, d),':2.71 (3H, 
» w < $0 m) : , -2.48 <3H/>m)> 1.97 (1H, m), 1.61 (1H, in), 1.30 (9H, s), 
,0.78 ;(3H, d),,>0.6l ; (3H, d) ; MS(DCI/NH 3 ) m/e 535.4,. [M+H]+ . 

- -.V-AO :y Example 7 - -i-./- 

;*i;o :^>: > , v ' u :^.V b'-V.'fs.^w. ■.*.-;■■>■ t :. r.- ■ <*.; 

uoi35 ■/ -Prfinarat/ion of fgR.4S:fifi.i 'fil ^-phftnyltn^hyl- ^hyHrnvy^q- f»- 
uu ;r; ^ •hiifrrwynarhnnvll am* nrwfi-phgnyl- tt- fl '-isopropyl-1 '-/4- 
aminnfiarbonvl-thia7.n-?- y 1 ^ iTnethyl-h ftvanaffllrift 
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a) Boc-valineamide - . .: •■ *. /^-v ^^^^ 
. i- . - To a solution of di-t-butyl-^c^b6riaCe^(7 vl5 g f 1 eg) 
in dry <Uclilorbmfetli^e' was ad 

(5.0 -g; 1 eq) and triethylaml nfe-(9*.14v v riL^ 27 ; eq)^5:The mixture 
5 was heated to reflux for 4 ^ h f and cooled^tb' rObid^ temperature. 
The organic layer was washed twic#;wi^ 
-~ ' to give the title conqpound (6.03< g£ 85%) . - ;NtOt : (CbCl3) 5 6.00 
v , (1H> br), 5.54 (1H, br) , 5.01 (lH^brJV 3fv93 -(1H^ dd), 2.12 
• ■ * i (1H; m) , 1 . 44 (9H, s) , 0 . 92 (6H^ dd) # f -X* v^f a* » ; v 

\ b) Boc-valinethioamide '■ , ^0 Jt't .> ^0t)-' 

v ■ Boc-valineamide (0.5 g) was stirred in - dry THF at room 

) tenqperature under argon. • Lawesson f s reagent o (1.56? g, 0.6 eq) 

was added and the mixture was' stii±edZbvernlgfit. * <The solvent 
15 was evaporated and the residue chromatographed (silicay 2.5% 
methanol/dichloromethane) to give the I titled compound as a 
o . white solid (0.373 g, 70%) . NMR(CDCl3) 8.59 (1H;I br s) , 

8.09 (1H, br s), 5.41 r (lH, d (br) )y 4^20 (lH^cId) : ;Yl.99 (1H, 
•/ m) , 1.39 (9H f s), 0 . 90 (6H, m) . .; V >f : rc ^ 

v\ ■ . oc) (1*S)-1 Wt-butoxycarbonyl)amino-l^ 

. J ; carboethoxythiazo-2-yl) methane - * • i ::oj:>3r.c^ nri- 

. Boc-valinethioamide (0.265 g) ; was stirred lit dry acetone 
under argon at -10°C. Ethylbromopyruvate c(0.16 -inL/> 1.1 eq) 
25 was added and stirred for 1 h>at -10°C. The solution was 
poured into a well-stirred mixture ! of : ciaorof om ind water 
and then saturated with sodium bicarbonate. ; The;* organic 
> - phase was separated and the aqueous -: layer extracted^ with 

chloroform. The combined organic extracts weire dried over 
30 MgS04, filtered/ and evaporated to an. oil v iThe, oily residue 

; was treated with triflubroacetic anhydiride (d.'i6 : g)- r arici 

pyridine (0.2 g) in dichloromethane for 1 h at -20°C. Excess 
solvent was removed in vacuo and the residue dissolved in. 
dichloromethane. The solution was washed with sat. aqueous 
J35 ' sodium bicarbonate and 1 . ON KHSO4 until- pH 7 . \cl The solution 

was dried over sodiuni sulfaite^iii^^ to an 

oil which was chromatographed J (silica*: 4% .' methanol/ 
dichloromethane) to give the title conqpound as a tan solid. 
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-oi-.o NMR(CDCl3y 8 8.04.(lH,;s),. 5.26 .(1H, rbr; d) f , 4 ,85 (1H, m) , 

4i37 (2H,*q)> 2.40* (1H, m) , 1.41 (9H, s), i;34 (3H, t) , 0.93 

-o : ^r.:(3 H ; : d) % ; L 0 v .84 (3H, d)V^T - • <i* ^ - • • ■ 

5 ! d): (i'S)-l , -(t-butoxycarbonyl)amino-l , -isopropyl-l , -(47 
; * 'i carboxythiazo-2-yl) methane i T ■ * £> 

: :J/?; & .2 M - The cpnpoundVo^Exai^le ; 2(c) (50 mg) was stirred in THF 
7 * at 0°C ; 0 Excess 1 .ON' NaOH was added and r the mixture was 
b t ; stirred for 12^ h at 0°C^ ; 'The mixture was diluted with 1.0N 
*:io ' ^ citri with dichlorome thane- (3X) • fi The 

i; *° combined organic extracts were evaporated and dried in vacuo 
3 to give I the tit le^compound (0.045 : g # ""98%) . NMR(CDCl3) 8 8.08 
^ (iH/'sy^-S.'ig (iH? f m) ,"4. 80 •(IH/ 'm) , 2.31 (1H> m), 1.38 <9H, - 
" s), 0V86 (6H, dd). v 

II ' e)' (1 1 S)^-l , -(t-butoxycarbbnyl) amino-l f -isopropyl-l f - 
' ; : (4-aininocarbonylthi'a20-2-yl) methane : ' 

(1 *S) -1 f - (t-butoxycarbonyl) amino-l •-isopropyl-l (4- 
carboxythiazo-2-yl) methane (0.078 g, 0.26 mmol) was stirred 
20 under- argon "in dry THF at 5 -40°C; ? NMM (0.06 mL; 0.55x01) and 
isobutyl^chloroformate ' (0.034 mL; 0.26 mmol) were added. 
After stirring 15' min; ammonia was bubbled through the 
OQ mixture; for* 'several min . ^ The ' solution was warmed to* room 
Fn 11 ' temperature arid r the r *THF evaporated. The residue was diluted 
,: 2s *: ' with ' ethyl acetate and washed successively with 1.0N citric 

v^acid? £! 5% aqueous -sbdiiim bicarbonate/ and sat. aqueous sodium 
nj.> ^ochloride. ^ The organic flayer was dried over MgSO^ filtered, 

s ^'-'-'- r and*' evapbfated^to a ^solid which was chromatographed (silica, 
hs, °^3% >; methM6l/d£chi6rometdXM compound as a 

30 white solid* (0:052^, 67%) . NMR(CDCl3) 8 8.02 (1H; S); 7.14 
' b (iH,^s(bf)/ 6.28 (1H; s(br)); s:24 (1H, d(br))V 4.82 (1H, m), 

e \ V 2:30 (li; m)V 7 1^9^(9H,°s)'f 0.92 (6H, dd) . : 

) .■'(?.;■'.;» 'b. 5 ? ;UX)- aOie ' >;>; c^;: % -: ' I- '. . 0 , f. 

; ^ f ) '-V (2R, AS, 5S/1 * S) -2-phenylmethyl-4- (t-butyldimethylsiloxy) -5- 
35- ? * - ( t-but oxy r carbony^ 

( *;an^ocarbon - 

The compound of Example 2(e) (52 mg) was stirred in neat 
trifluoroacetic acid for 10 min and evaporated. The residue 
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was diluted with methanol and /treated withi:2v)eq:6f cone. HC1. 
x \: The solvents were evaporatedKandcdried(iu i vacuo ;to give a 
white solid. This solid (40 mg) x was ad&d*to absolution of 
(2R, 4S, 5S) -2-phenylmethyl-4- { t-butyldimethyl) siloxy-5- (t- 
; 5: butoxycarbonyl) amino-6rphe^ eq) r 

DCC (38 mg, 1.1 eq) , and s HOBT s (0v(^^ at room 

V temperature, under ; argon. ; lV Nrmethylmdi^hoiine ^ ioL; 2.2 

eq) was added and the mixture r was stirred overnight . The 
: mixture; was filtered through: >Celite®/x e^pqrated, } and diluted 
10 with ethyl acetate. The solution ,was,^ 

f with 1.0N citric acid, 5% aqueous. sodium and 
-sat. aqueous sodium c^oride.^ 
< chromatographed (silica/ 2.5% methanol/^ 
yield the title compound (60 mg, 55%) . ( 1^(CDC13^ 8 7.89 
15 (1H, s), 7.60 (1H, d), 7.24 (10H, m) , 6.82 (1H, m), 5.12 (1H, 
m) , 4.89 (1H, m) , 3.92 (1H, q),, ; 3^.81 UH> e dd) <ff -2.73 (4H, m) , 
2.21 (1H # m), 1.73 ..(2H #1 .m) # ;JL.40^(9H f ^ 
(9H, s) , 0.84 , (6H, dd) , 0.11 (6H,. ; d);. i 5 ■ ' : 

20 gj (2R,4S,5S,VS)-2^pheSy^^ 

butoxycarbonyl) amino- 6-phenyl-N- [1 ^isopropyl-l '-(4- 
r, i::t aminocarbonyl(thiazo-2-yl)]meth^ 

The compound of. Example 2(f) ; (60> mg)., was x ,stirred in dry 

, - : THF under argon and;tetrabutylainmoniunt ^ fluoride, .(0.50 mL, 6 

25 eq) was added. - The solution was stirred at^roomj temperature 
overnight. After diluting with -water /^the aqueous flayer was 
extracted with dichloromethane L (3X) f.The combined > organic 
extracts , were , washed with water , ;> evaporated r ; and^ triturated 
with diethyl ether and ethyl acetate^to ^give^ a^tan solid. 

30 The solid was chromatographed (silica gel/ V 4% - o?\- 
: methanol/dichloromethane) to give Ithe title, ^compound as a 
white solid (0.022 g) . NMR(CDCl3) 8,7.90 (1H, s), 7.15 (10H, 
m), 6.39 (1H, d>, 5.93 (1H, br s), 5.06 (1H, dd), 4.91 (1H, 
d) , 3.90 (1H, d) , 3.67 . (^ r _;.i4)>J^2.9i-;.<4H <2 m) j.2.6l • (1H, d) , 

35' 2.13 (1H, m), 1.87. (3H,.m),. 1^36 j9H f > c sJ:,^0 t 83 |{6H, .dd);/ 
MS(DCI/NH 3 ) xn/e 612 [M+NH4] +, 595 , [M+H] +,,.495^^13 .1, 391, 

j . 374/ 356, 23.9. i, 202, 185. \^ 
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:v.*;I Hit ; C- J. v:VO 'J. • o : * a .;. EXaiBP l e 3 T , V r \\ 

T v o . : Preparation of (2R, 4S. 5S, 1 »S1 -2^hfinylTnethvl-4-h y droxy-5- ft- 
J, s butoxvcarbonvll amino-fr-phenvl-N- M '-jgnpropyl -i i- fthla«n-g- 
yl> Imethyl-hexanamidg :c : ^ . ;;vi, J r: 

:>?xJ c-ii." T iv:>:-£i*i * 7"0.f h:^ :r ,v .-. 'vys:* : ; ^ :"/;'•.•*.;• 

K? . a){- (1 • S).-l ( trbutoxycarbonyl) amino- 1 , -isopropyl-l ■ - (thiazo- 
.'.vi L * . : X 2—yl ) methane t> i uzsi'j. ,* ;^ ;^ j ;i\:v > :j i-;-;— ;v : . (;; 

vii * j - The compound ofi t Example 2 (c) was stirred in neat 
v •* 10 £ .quinoline . > Cuv.powder; : (0 . 50 g) was added, and the suspension 

.^waft heated-^ to room 

M-vtr .to<; 5, /temperature /I the, solution/ was diluted with ethyl ; acetate and 
■ .i I ^washed with 2 } . ON citric acid (4X) . . Th6 organic layers were 
;:; 0 £93*^.^ to a 

15 adark^piliv^^^^ chromatographed i,(silica, 4% 

b-ar methanol/dichloromethanej ^to *give the* title compound as an 
a» U orange oil.* vNMR(CDCl3)^5 7.68 (1H, d),:7.19 (1H, d) , 5.26 

7 > r : - (1H, d), 4v88 (1H, m); 2.31 -(lH r m) f 1.43 (9H, s), 0.92 (3H, 
JvH d) / :0.84 (3H; d) . »■:•.> ■ • * 

20 ... .... . ... . ,..lb ^-if.; # .>r..-.J ^-...J 'J,; , i/.;. ^r < • : .... :$ 

b) (2R,4S,5S, l , S)-2-phenylmethyl-4~hydroxy-5-(t- 
i > (butoxycarbonyl) amino- 6rphenyl-N- [1 '-isopropyl-l'- (thiazo-2- 
r : \ :. Ayl) ] methyl-hexanamide . ; 
{ ; \Yi-\) *D\;>iPollowing--the ^procedure of Example. 2 (f )r2 (g)> except 
oiJ?5 0& us.ing £ .theuCOiqpQundoo£ -Example^ (a) ; in place of (l , S)-l , -(t- 
K , oc b ^tQxy v carbpnyl) amino?! ■ -isopropyl-1 (4-aminocarbonylthiazo- 
. 4^-uc2^yA)jneJbhane.r fthe . title^compound t was , prepared . (88%) . 
' V :> lN^(Dj^0Hd6)- ,6 8^.31 f! (JH^d) ^62 0: ttt, :f d) 7.. 49 - # <1H, d), 7.16 

-C V ((10H # j;m)V 2. 61 (6H, m) , 1.28- (9H, s) / 0.89 (3H, dd) ; 

30 Ma(pCI/NH3), m/e ; i^52".3; [M+H]+, ! /413.2> ;331 . l r V-18J wl f ; 157 . 1, 
142.0, 120.1V i ^ . 0 ::.C A - <; ^-^ 

d-vi-cf.;? ( ?;v;r;"iii.-vv v..?-* ;i- 7 ) : ^-.Ivc Example 4;^ ' . : . { -. 

35 .Preparation of f2R/4S. 5S. 1 'S) ^ph^nylmethyl-4>-hydroyy-5- ff- 
butoxvcarbonvD&mino-g-phenyl-N-fl^-isopropyl-l'-benzimidago- 

-i • .n 2-yH 1 methyl-hexanamide. -a ) ^: :;.t .';'•.:■( • /■ " [ :^\ • 
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a ) ( 1 1 S ) -I ■ -carbobehzylo3^amino-l 1 -isopropy 1-1 ' — (benzimidazo- 
2-yl)methane 

: . Cbz-valine- (2.6 • l,eqj.':was"stirred* at . -10°C in dry THF 
. tinder argon. ; ^Tflethylaminfe;: ^ 
5 followed by isobutyl <^orofbrmat^(:^ 

reaction mixture was stirred for 10 -xaih.' £henylene diamine 
: (0.944 g r l;.l:eq)v was; fcdte^ 

mixture was warmed to room temperature * and 'istiired for 1 h. 
* The solvents were evaporated and tSe;;re^ 
t- : '10 between water and ethyi &cefote^!^ was 
washed with 5% aquebus sodium -bicS^b r onate^ and: ir iiie. The 
organic layer was dried over M^04 f ^il^ 
->•' 'The residue 'was dissolved* in glacial ^ heated 
j .o & to r 65<> c f or , i g h ; i ^he - solvents 'were evapox&ted and the 
15 residue diluted with water." After x neutralizing^ with il ' 
i, : saturated aqueous sodiums bicarbonate,.; the 'solid Itias filtered 

( and the filter cake' was washed- with^hexanel* The^ solid was 
) ;v o recrystallized from. ethyl acetate, and hexane.£> NMR(CD3<)D) 5 
7.48-7.11 (9H, m), 5.06 (2H, q) , 4^62 (lfl> m)/C2w27" (Ifi; m), 
20 1.23 (1H, m), 1.02 (3H, d), 0,84 (3H, ^d) . OS 
' - . , }.< { /i \. v : . -I -:.v ::- : Tb; . 

b) (l'SJ-l'-amino-l^iso 

The compound of Example 4 (a) (2 v76 ?g> was~ stirred in 
:fiv">-> • methanol. - 10% palladium :on artiyated^c^bori (Pd/C) (250 mg) 
) 25 was added and hydrogen gas was bubbledTthrdtfgh \ tlie 'solution 
' f or ; 1" h. The reaction" was maiiitajri&I ^dier fan- hydrogen 
atmosphere overnight . The mixture -wias <f iltetreTd through 
;I Celite® and the- solvents { evaporated- to giW^tte tiifcle 

compound as a white solid (1.58 g; ^98%)^ S N^(CDC5^} ;8 7.^ 
v 30 7.10 (4H, m), 4.02 (1H, d>/*2.24 >(li, : ^>fia79^p(3K; i,: d)? ? - 
0.83 (3H, d); MS(DCI/NH 3 ) m/e 190.2 tM+H]+.:i i-C 

c) (2R f 4S f 5S f l'S)-2-phenylmethyl-4-(t-butyldimethyl)silo 
( t-butoxycarbonyl) amino- e^rphenyl-N- [1 ■ -isoprbpy 1-1 » - f 

35i benzimidazo^2-^]methyl^hexariami ^p w iiaA4;;.^^:;;v;;l ^ e - 

To a solution of (2R>4S>5S)-2^pheiiy imethyl-4-(t- 
butyldimethyl) siloxy-5- ( t-butoxyCTrbbiiyi)^ 
hexanoic acid (75 mg f 1.1 eq) in dimethyl formamide under 
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. . ^?.?09/..itJ« conpound of Exanple 4 (b) • (25 mg, 1 : . 0 . eq) , DCC 
(30 mg, 1.1 eq) and HOBT (44 mg, 2 . 2 . eq) . were added. The 
mixture was stirred overnight/ then filtered through Celite®. 
The solvents^ were ^evaporated and the : residue was 
. : .5. u .chrorptpgraphed. (silica gel, , 4%. methanol/dichloromethane) to 
give the title conpound (0.070 g, 78%) Vr NMR(CDCl3) 8 7.88 

:ir . ;^(lH r; d)';;;7.30 m) , 6.80.. <1H, d), 4.93 (2H, m), 4.26 (1H, 

qV/ 4.00 (1H, m), 2.92 • ^in 9} [m) 9il 2.pX : A2E 9 r^ 9 1.53 <9H, s), 

V.'v7iiAl^ d) ' (6 ?' d) ; MS(DCI/NH 3 ) m/e 

^ ((: JLOvy 699.6 JM+H]+. ^ . . , J _ ' _ 

•C. :: : ^ i:ff v ?,r? i ■ .Z , . . </ . .;J.; ,(..-. .... 

{p :«\ J.d) ;:;(2R/.4S> 5S # 1 » S) -2-phenylmethyl-;4-hydroxy-5- ( t-^ : 

but03^carbonyl) amino- 6-phenyl-N- [1 » -isopropylrl 1 -benzimidazo- 
2-yl] methyl-hexanamide 
15 - The confound of Example 4(c) was stirred in dry THF and 
j tetrabutyl ammonium flouride (0.6 mL, 6 eq) was added. .The 
; j; L > : /x ml^urje ras stirred under argon overnight at room 
/^.v ^ diluted with water and 

extracted with dichloromethane (3X) . • The combined organic 
20 layers were washed with water and evaporated to a residue 
r n ^hi^ (silica f 2% v methanol/CH2CL2) to 

give the title compound (0.029 g, 50%) . NMR(CDCl3) 8 7.54 

^?r;?)M 7 4^1 1H f m >f 6.69 (4H, s)/4.98 (lH r d), 4.69 (2H f 
: >! ?0 m) rj 3.66, (2H f a},, L -2.?4 (5H, m) , 2.31 ,(1H, m),. 1.73 (2H, m), 
25 1.32 (9H, s), 0.70, ^, d); MS (DCI/NH 3 ) m/e 585.4 [M+H]t, 
.,413.3, ; 364. 3, 296.2, 190.2, 173.1, 120.1. 

Example S 

f J: - 30 ^Preparati on of f2R.4S.SS. 1 «fil -?^hftnvlm^hvi-4 -hvrimvy>^/^- 
: ■ hexanamj rift h vdroch lor ifte 

. n , ^ a) : 2- (carbobenzYloxy 
% ^ : .35r-->n L"; , Following ;the procedure of Example 1(a), except lf , 
. . si&stituting QjZTglycinal for Cbz-valinal, the title compound 

was prepared,. NMR(CDC1 ; 3) 8 .33 ; (5H, . s) , 6.95 (2H, s) , 5.95 



V 

\ 
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(1H, s(br)), 5.12 (2H, s>> 4.42 (2H/ r d) r MS(DCI/MB3) xn/e 

'232.2 [M+H]+, 188, 171. ^ >f: ' ' "'° ^- - ' . 

; .7 •.::£■;,••••.>' ^i>' ti^:*. nil:, v. ; a • 



b) (2R, 4S,5S, 1 'S) ^-phenylinethyi^-hydroa^-S- (it- 
's : butoxycarbbnyl) amino-6-phenyi-lir- if ' -imidaLZ0^2-yl^ methyl- 
hexanamide hydrochloride 

Following the procedure of Example 1 1(b) -i (d)'i except 
" substituting the compound of Example 5 5 (ay for (•1 , S)-1'- 

: carbobenzyloxyamino-l'-istopro^^ 
10 the title compound was prepared. . NMR(CD3'6br j 8 7 .20 (10H,m), 

6.94 (2H,s), 6.11 (lH,d), 4.24 (2H,dd), 3.61 (lH,m) , 3.52 
(lH,m), 2.69 (4H,m), 1.66 (2H,m) / 1;28 ^;(9H/s)/ !! MS (DCI/NH3) 

m/e 493.7 [M+HJ+,' 475.7, 120.2/ '^'fi^W^'^ 

v:v;i~f.--/i.?.'Si .iv 

j>-ra V ar a «-tnn of . 1 'fil -?-nWvlfflflthvl-4-hvdr6xv-5-» <t~ 
nw^hyl-h^anaTMde hydrochloride' * ^ '->«^ 



20 



':>T: 



a ) ( 1 ' S) -1 * -carbobenzyloxyaminb-1 1 -Aeth£l-1 f - { inddaio-2- 
yl) methane 

Following the procedure of ^Example; i (a) v^xc^pt 
: 5 -'substituting Cbz-alanal f or^C^z^^inal; ! 'the^title - compound 
25 was prepared. NMR(CDC1 3 ) 5 .35 ''(SH^s) , 6 192 {2H,si>7 v ^ 
5.52(lH,d), 5.12 <2H,q>; ^ 
[M+H] + , 202, 185. 

b) (2R, 4S,5S, I'SJ^-phenylmethyl^-hydroxy-S-tt- 

30 butoxycarbonyl)ai^^ 1 
'methyi-hexanamide hydrochloride ' '.'.u.v 

Following the procedure of Erta^ 
substituting the compound of Example 6(a) for (I'S)-!'- 
carbobenzyloxyaraino-1 •-isoprbpyl-l* - (iihidazb-^-yl) methane, 

35 the titl compound was prepared. ?. NMK (CD3OD )'• •< 5 7.11 (10H?t-m) , 

6.86 <2H, 3)/ 4^69 (1H, dj, 3.62 ; V(ik/ d^'^ 
.' ; (6H, in), 1.59 '(2E{ m) /l.30 '(9H^^Vr^l r l'4 K ' S (3HT*d) 
MS(DCI/NH 3 ) m/e 507.5 [M+H] + , 489;4/ 112.1. ' 
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•':t; -j.fjj lijl: ':...!; j, ;.:r::. * : •• / , : .L i;\ ; :<;<• 

. ' al^.r.;. mil 'teci2to , 6; J - . .;f :ji> .f\vi^^.*- ; . -t ■' : ;hv. -v.. 1 .. v ;: 
w ■ Preparation of (2R. 4S. 5S. T S) -?-phftnylTnethyl-4^hYrimyy>R^ ft— 
Si* butoxvcarbonyl>aTnino^g-phenyl-N^n '-.bfinttyl-1 f inHrta*rv-9- 

) a? , j yd imftthyl-hftxflnaTiiidft'TiyfirnnTiTorldft 

a) (l'S) -1 '-carbobenzyloxyamino-l •-benzyl-l »- (imidazo-2- 
yl) methane .'. .i^ei-::-:;. w : ' \ V 

10 Following the procedure of Example 1(a), except 

Cbz-valinal> the title 
compound; was; ^prepared. :\NMR(CDCl3) 8 7.37-7.05 :(10H,m), .6.95 

(2H, s br),'5.52i . (lH,<:d)V 5.05; (2M f s) /; 4 . 95 « (1H, lq) , 3.32 
<2H, d) ; MS (DCI/NH3) m/e 322/ 261, 171. 

b) (2R f 4S / 5S / l , S)-2-phenylmethyl-4-hydroxy-5-(t- 
butoxycarbonyl) amino-j6-phenyl-N-, ( 1 • -benzyl- 1 1 - (imidazo-2-yl) ) 

; methyl-hexanamide hydrochloride- : 

; Following the procedure of Example- 1(a) -1(d) / except 

20 substituting the compound of Example 7 (a) for ( 1 ■ S) -1 • ' 
.: carbobenzyloxyamino-l'-isopropyl-l 1 - (imidazo-2-yl) methane, 
c ..i the .title; compound was prepared. ; NMR (CD3OD) 8 .7 15 (15H, m) , 

I c : '6.79 (2H/ ^ s) /» 5.:78 (1H, :d)., 5;04: (1H, d) / 3.58 (1H, m) , 3.47 
) 1 (1H, m),^2.68 (8H, m), 1;59 (2H, . m) , 1.31; (9H, s) . 

v 25 ; : - ■. <ni =- -:^v u;-: r; ., . • ... „■;-. . . 

oit. j^:- .-: • .:v Example fl -., ' . ^ 

rfcsJT.:-. b '^i.'iifvj :*s.r 1 ^nj \ : :. ; rr - " ■ ;o r. 
<?,[> ?~ :w 'Preparation of (2R.4S. 5S, 1 'Sl-S- frarbnb^nzylovyVamjn^^ 

0 C(D; hvdroyv-W^fr '-iflopropvl -1 ^im-t da^Ql-^yl ^ mefchvl-6-*phenvl-9- 

30, phenylmftthyl-hfixanamidfi mv; 

A solution of (2R r 4S r 5S / l t S)-5-(t-butoxycarbonyl)amino- 
1. r *»i ; 4-rhydroxyr-N- ( 1 1 -isopropyl-1 1 -imidazol-2Ty 1 ) methyl- 6-phenyl-2- 
phenylmethyl-hexanamide : (0;086' g) in trifluoroacetic acid was 
35 stirred for* 10 min, then' was evaporated r in vacuo. v. To the 

1 . residue were ' added dimethylf ormamide, benzylchlorof ormate (1 
= / eq)^ and triethylamine:o(5. eq) 9 and the" resulting /mixture was 

stirred at room temperature for 16 h. The reaction mixture 
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was poured into H2O and extracted with dlchloromethane. The 
combined organic extracts were evaporated, and the residue 
was triturated with diethyl ether ''to* afford the title 
.compound. as a wMte-solid;;./ NMR(CT^^ m) f 

5 - 6.84 (2H, - s)/ 4.99 (2^ *)/ 3^ 52 

(lH r dd), 2.77 <5H, m)^:2;04^(lHAm)v Ja-itfSS(WJn)>; 1.58 (1H, 
m), 0.82 (3H, d) f 0.66 (3H, .d) . 

Example 9 . l ; c ^ Hi: : ^ { :y / 

1 ^ P^paration nf f 2R;4 s. fifi- 1 'sv-s- (t-butoxvcarhonvl •) aminoH- 
t hyHT-nvy-N- n '-isWc fo v r-l y -f4 , 5-ri imethvl H iniriazol-2- 
y l i mgthv) -S-phgnyl -^-phAnvlmelthvl-hexanatnide- . : .Mj 
1 ■. .[. -A^ AcH^zriym ; ^ -.SZ) 

15 a) (lS)-l-carbobenzyloxyamino-l-isopropyl-l-(4 / 5- 
dimethylimidazol-2-yi) methane ;f ^ ^» <dvc^ti ,^ id 

Cbz-Valinal (4.14 g) was stirred inv methanol with 2,3- 
butanedione (1.54 mL^ 1.0: eq) . 

the- solution at -25°C for 5/min. . The cooling bath was 
20 removed and the mixture allowed to warm to :20°Ci: u 'The v.t. 
solution was stirred for 16 h under ; Ar. ^. The solvents were 
removed by rotary evaporation/ and the -residue^ was diluted 
with dichloromethane and extracted with.dilute aqueous HC1. 
The organic layer was concentrated tof afford t unreacted Cbz- 
25 valinal (4.02 g) . The acidic aqueous layer was basified with 

IN NaOH and extracted: with dichloromethane, the organic ' 
- extract was concentrated and the residue purified by flash 
. .chromatography (4% j&Oi^ -^provide 
the title confound as a white '8olld;::(5b..ing).yrvBUR(CD30D) 8 
30 7.29 (5H, m), 5.04 (2H, dd) , 4V38^(lH;^d^2v06:a6Ha s)^ 2.01 
(1H, m), 0.93 (3H, d) , 0.77 (3H, d) . 
v.../ .v.-. - i ) - c- - ' {. , ... v.' ft" r : io:v;?.^X"<?;- V- ' 

f b) (lS)-l-(4 f 5-dimethylimidazol-2-yl)-2-methylpropy 
■ The henzyloxycarbonyl rgTOUp^was>cieaye*.by^r:::i-:3 ; 
35 , hydrogenolysisr using the same procedure A as ;d scribed ?c 

previously in Example 1 (by > except - •:usd^g : ithe ;.p±oduct of 1(a) 
(50 mg) r to afford the title ^ compound as s:a white -solid 
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(24 'mg^ 87%) '.;> NMR(CDCi 3 ) 5 4.11 (2H, s(br)), 3.71 (1H, d), * 
: S 2106 r (6H/ sVV 2.00^ (iH # m) # 0'71 (6H, dd) . ' 1 

c) (2R,4S/5S;i , S)-i5-(t^uto^C£ttbonyl)aiidno-4-t^ 
»'s butyldlmethylsiloxy-N-[l , -isopropyl-l , -(4 f 5-dimethyl) 
imi<tezol-2-yi]methyl-6Hphen^^ 

Using the procedure of Example 1(c), except substituting 
(2R, 4S, 5S) -5- ( t-butoxycarbohyl) amino-4-t-butyldiinethylsiloxy- 
! - • 6-phenyl-2-pheny^ 

10 dimet0iyliinida2oi-2-yl)-2-methylpropylaniine (24 mg)y the title 
« - compound was ' prepared (55' mg, 57%) . NMR (CDCla) 8 7.26-6. 80 

Hl0H/ : m)^^ 3.87 (lff/q) 1 , 3.61 • 

• y " " ' (1H, mj ; 2.77-2.39 ; (SH^ : m), 2.22 * (1H, m) ; 1.98 (6H,' s) 1.79 
3 (1H, m)} ll'58 (1h; m), 1.24 (9H, s) , 0.85 (9H, s)V 0.69 (6H, 
15 * d) , 0.06* (6H, ; d) . : : • 1 .< 

d) WR^SfSS/l^-S-te-butoxycarbony^amino^-hytooxy-N-Il'- ' 

"Y ^'is^ 

' : ' 'phenylmethyW • 

20 By following the deprotection procedure described in 

• " : Exainple , *l <d)V ^except'' using' (2R;4S^5S, 1 • S) -5- (t- 

butbxycarbonylVandno-4-t-buty^ [ l '-isopropyl- 

: '" 'X^r'tit 5-dimethyl) indda^^^llmethyl-6^henyl-2- " ' 
Pheny^thyi-hexanax^de^'(55^ omitting' the final 

25 ' treatment witA f methanoiic HClV the title compound was 
: ^ -prepared (25 mg,-; 62%) . okmr(cdC13) 5 7.29-6.88 (lOH/ m) , 4.98 
] • (lH/ r bV d)/ : 4.47 (lH/m), 4.29 (1H, m) , 3.58 (2HV m), 2.84- 
^V0 l>l 2 ; 51>(5H, ' m) ;2b-(lH, ? m)^2.04 (6H,' s)/ 1.71 (2H/ J m), : i.38. 
(9H, s), 0.69 (6H, dd) . 

... , . . r t - . * . .... : » . - , - 

30: j'- * . ■ • .. . ....... 

Example 10 

hvdroxv-N-n 'Hsonropvl-1 '-Uts-<Um<+h Y i v>m*r£™i-o- 
35 vll methyl -?-phAn Y iTn <M-hYl -^vana^^ 

a) (IS) -l-carbobenzyloxyaxnino-l-isopropyl-l- (4- 
phenylimidazol-2-yl) methane 
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Using the procedure v of . Exampl *1 (a) >;•• except musing Cbz- 
(L) -valine ..(2.19 g) ; and a-ketophenytacetalte 
glyoxal, the title compound was prepared (1.54 g, 48%). 
NMR(CDC1 3 ) 8 7.62 (1H, .(br) ) i, 7.24„ (10H,~m) ,^ 5 .:79 ,(111, d), 

5 5.04 ,(2H, dd), 4.32, (1H, dd) 2*31,, (lH,r m) r .0<96 ,(3H, d) , 

. 0.79 (3H, d) ; MS m/e. 350 .^ [M«]jj^ 

.;. .' ...... ';• >.• • -/i.^ ".to •• iw^ocv.-q :±vXf ■ 

. b) (2R, 4S,5S, 1 • S) -5-J t-butoxycarbdnyl) aadho^trMi : 

butyldimethylsiloxy-N- [1 '-isopropyl-l.'- (4-phenyl).imida2ol-2- 
10 yl]methyl-6-phenyl-2^henylmethyl-hexanai^de^. '^^Ih 'm 
* Using the procedure 3 of Exanple ; .l (b) -1(c) ,£< except using 

the compound of 10(a) (72^ng} # ^thei title^coi^ound/TOS^^^^' 
prepared (67 . mg, 44%) . . MMR(CDCl3) ,.5 .T.7<>\ (lH r . i? d) * t 7 .40-6.71 
(16H, m), 4.73 (1H, d),,4.54 (1H, dd), 3.96 (1H, 0, 3.69 
15 (1H, m), 2.88-2.36 (5H, m), 1.73 (2H^m) ,-1.33 (9H,.s), 0.91 
(9H, si, 0.84 (6H, dd), 0.11 (6H, d); MS xn/e 725.4 [M+H]+. 

.. ■• • • . . \ • c ' s, , .'is- .•:•> 

c) (2R, 4S, 5S, 1 • S) -5«r ( t-butoxycarbonyl) a^c^-b^droxy-M- 
[1 ' -isopropyl-1 1 - ( 4-phenyl) imidazol-2-yl J methyl-6-phenyl-2- 

20 phenylmethyl-hexanamide .. .. . : ' .^.' v -13 ' ytf . t; 

Using the procedure of Exarople : 9(d) except,, starting 

from (2R,4S,5S,l , S)-5-(t-butoxycarbonyl) am^-4-t-.., f 

butyldimethylsiloxy-N- [1 •-isopropyl-l;^ 

yl]methyl-6-phenyl-2-phenylmet^^ the 
25 title compound was prepared (30 mg, 54%) . J V K^(CTCl3) 5 7.52- 

6.67 (16H, m), 5.48 : (1H, d)> ;;3.60 ; :(lH, ; : q) a3.44.-,(lH, ? d), 2.60 

(4H, m), 1.96 (1H, m), : 1.62 (2H,^m), v ^ 

d) , 0.62 (3H, d); MS m/e 611.4 CM+H]+, -242.2^195,0, 150.2. 

30 Kxnniplft 11 ,. , . 

PT-^paT-si-^nn of 'sw;-^f:-butoxvcarbonv1>amino-4- 
hyHT-nyy-W-M shprnpyl-1 '-r p'-mAl-hvl ^ jtntday.nl -9-vl 1 mathvl-6- 
r>hp.ny1-?- ph«»nvline^hy1-hftvaTiattitde 
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a) (IS) -carbobenzyloxYS^iii^l-isopropyl-l-- (N 1 rmethylimidazol- 
2-yl) methane 

. -, ,., - ; ;( ^.The product of Example 1(a) (273 mg, 4 1 mmolV was heated 
* : ■:*«:■ = f9°Cj?°* 2 . h u in ^^y?" iodide (5 mL) • The reaction 

5 mixture was evaporated,, ^and the res idue was suspended in 
aqueous Na2C03* The mixture was extracted with 
iv ^ concentrated. The crude 

product was purified by flash chromatography (silica, 2% 
v . ■ ; ; methanol /dichloromethane) to yield the title compound (200 
10 ; mg, 70%). ^ 1^ 6.92 (lH,;s), 6.6*9 (1H, 

s), 5.94 (lH^dJ,-^ (3H, s), 

j - ,-2,20 (lH r m)/>.1.01 (3H, d), 0.82 (3H, d) . : / ; v 

ao L b) (2R # 4S r 5S / l , S)-5-(t-buto^carbonyl)amino-4--t--.; : 
, rpo 15 butyldimethylsiloxy-N- [l , -isopropyl-l f -(N , -methyl) imidazol-2- 
rcft. ;■ J y. -v yllmethyl-erphenyl^r-phenylmethyl-hexanamide 
n = v; bf . :, ;f ; F °li°wiug: the . procedure of .Example ;1 (b) -1 (c) ; except 
using, the compound of 11(a) (90 mg) , the title compound was 
, prepared (104 a mg, . 50%). « ( (CTCI3) 8 ;7.32-6.89 : (10H f mj , 
b-xo'l :20 0 ;?6.81 -,(1H/ s) ^6*59i (1H, s)> 6.08 (1H, d), 4.71 (2H, m) ,3.94 
(lH r r<j) f o3^70^(lHrim) f 3.25, (3H, s) , 2.80-2.36 .,(5H,; m) , 2.21 
' (p(iHr)m)V .1.73^(2H/;m)V-1.31:--(9H/:'.s) ; ;:0.94 (9H, s), 0.85 (6H, 

dd), 0.11 (6H, s) 

- 25;;joC) 0.(2R # 4S, 5S, 1 ; !S) -r5r ( t-butoxycarbonyl) amino-4-hydroxy-N- (1 
isopropylTli^N^meth^ 
n:; yphenylmethyl^hexanamide gr::j ■••}■ • ^rl;.-; . :r 

morl c ci^ ; olFollowing: the, procedure x of Example 9(d) , ^except using 
■\,r*ftx)" 0 :(2R,'4S '.58, I!S]T-5- ( t-buto^cr^bonyl) amino-4-t--- - > 
< ; :30^t:butyldimethylsiloxy-N- [1 f -isppropyl-l f - (N f -methyl) imidazol-2- 
yl]methyl-6rphenyl-2-phenylmethyl-heaianajaide (100 mg), the 
title compound was prepared (74 mg, 89%) . - NMR(CDCl3) 8 7.21- 

6.741.(lU, M n)..,,&^ S)> 4.95 (1H, d), 4.61 

- r y 5 !.;j: ,u ((.1^^- dd)^. v -3 .^f ' (3H r • ,m) , ? , 3 «48 r(3H r s) , 2.71 > (5H r m) , -2.06 (1H, 
35 m), 1.64 (2E^n);# ^V l.32w(9H fi s)> 0.82 (3H, d) # 0.63 (3H r d) ; 

- , M1 ; r: . !r MS-:m/e 549.3. [M+H] + >: f-- : ZL ,i :: - ■;. s -f.i [ ".-.ft 
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• • .r. :>v ; ,:.:;^:r(iv--: - ' 

'.j pT-Apar-afinW of f2 P r 4fi. 5SI 1 'fiV^^V^feb^Q^Garb6nvl> amino-4- 
i" ^ydr-Ayy-M- (\ gnpi-opy i-1 «-iinidaMl~2-^ 

a) * (3R, SS/l^Hl'-t^utoxycar^^^ 

(3-phenylpropargyl) -tetr^ydro^^ :i: taoin 

; ~To a solution of litii^^ 
10. 2;0 M in THF, 2.2 eq) in TTO -iat ^ 

atmosphere/ (5S, 1 • S) - (1 1 -t-butoxycarBonylaxal£o- 2 2 • - ^ 
phenyl) etiyl~teti^ydrofuran-2-on€( r (i.O 'g, il-/0;tfq):-- was added. 
After stirring at -78°C for IS min, hexamethylphosphoramide 
(1.14 mil, 2 eq) was added, and s£irfJiig'waS' continued an 
. 15 - additional 10 min. \ Phenylpropargyl brcM 210 eq) , 

was added and the resulting inixt^e^ for 
2 h, then poured into dilute aqueous* HC1 add ^ektracted with 
di<albroinethane . < The 'combined J orgM 
evaporated under reduced ^pressure?' t6 W oil, whicdp^was 
20 chrbmafcographed (silica, 20% ethyl acetate/heica^ 
the title compound as a- white solid v -Vo,4S5^g#i33%jv 
NMR(CDCl3) 5 7.18< (10H, m), .4.50 (2H/ m) ;\3. 93 (lH/ q), 2.79 

(5H, m), 2.23 (2H, m) , 1.24 (9H, S) ^ >H / UW bl: 

25 b) (2R, 4S, SS) -5- ( t-butoxycarboriyl) aminor4- t-butyldimethyl- 
s iloxy- 6-phenyl-2- (3-phenylpropargyl) hexarioic acid- 

The title compound (496 mg, -84%)^wasiprepared^by the 
procedure 6f Ev^ns et ai*irrJ^<)^ 

the product of 12 (a) (450 mg) ^umR((XCl3) d:J^A9-7.10 (10H, 
30 m)k' 4-;71-r(lHr d) , J3;94 (3H^ m) ^ 

1^31; (9H, s) , 0.89 (9H,> s) , 0.11 ^(6H/Kd)ir3 '-i^:^:<l-.<- 
; .", ;. . -j, .-v; \*? r ':>^-. ■/*>" r&W hatfy^p-.o^ ;&L r;-.\\* 

c) t2R^4S,5S;i'S)-5^'(t^ 
« -. butyldimethylsiloxy-N- (1 k -isoprbpyl-i , -imida^ 
35 6-phenyl-2- ( 3-phenylpropargyl ) tiexan am 1 1 de= -vt ? : ^ - 1 v \ ^ ^ ■": 
Following the procedure of Example i(c) > except using 
(2R, 4S, 5S) -5- (fc-butoxycarbonyl) amino-4-t-butyldimethylsiioxy- 
6-phenyl-2- (3-phenylpropargyl) hexanoic acid (240 mg) and 



WO 93/02057 



PCT/US92/06047 



, ;;W - 47 - 

(lS)-lr^dazol-^^^ ; the titl compound 

was prepared "(244 mg, 84%) . :N^(CDCl3) .5 ^ 7.14 (12H/ m) f 6,72 
>a (1H, d) , 4.58a(lH /S! d),. i 4.49 (lH,_dd), 3.92.(1H, q) , 3.80 <1H, 
m), 2.154^(5^: m) rf l. 65 (2H, m) ,r : 1.20 (9H, s) , 0.81 (9H, s) , 
,r> : 5 . 0.80 (6H, dd) ,- ,0.05 (6H, d) . , ; 

> : ■ c.-r . wU- v , ... ■■ , ; .. , 

: d) .(2R, 4S,5S,l^S)r-5HtHbuto^carbony^ 
. ; isopropyl-li-inddazol-2-^^ 
W'CO:,.^f vphenylprppargyl)hexanamlde : •: . : ' • > - v ^ 

10 : • o Followingwthe>procedure of .Example 9 (d) , except using 
(2R r 4S, 5S, 1 !S)*-5- ( fr-butoxycarbonyl) amino-4-t- 
c:; * o } ;j; butyldimethylsiloxy^-N- (1 f -isopropyl-l '-imidazol-2-yl) methyl- 
•O-c v {f: ,6-phenyl-2-(3--phenylpropargyl)hexanamide # the title compound 
■JU> ~ was prepared (161 mg,, 7?%);. KMR(CDCl3) 8 7.24-6.98 (10H, m), 
>i ti D15 6.68, (2H/5S); 5.20 (1H, mK 4.52 (1H, d)v 3.49 (2H, m), 3.06 
i-C.i; .u*> (1H, m),;2.56 (5H> m), 12.04 <1H, m) ,:- 1.61 (2H,; m),* 1.26 (9H, 
s), 0.68 (6H f dd); MS m/ei 581.2 (M+Na)+ f .559.2 [M+H]+, 541.4, 
503.2, 485.2, 459.2, 441.2. 

20 -$.-i.vi V - f.; :^:-vr . Example 13 «v' 

>• Prfflarafion'of 4fi. 5fi. 1 «fil -5- f isopyoprncycarbonyll 

... hvrirnyv-N-n '-isooroovl-l ^imidagol-2-yl>Tn^thyl-6-phfinyl^>- 
f'u: pheftylmftt'.hyl-hftyaniimidft-- ■ • ; 

t ul 25.af.-/; :;,;-rcr ?. v :.ir; -'v x^ba'i i* * ;. -.- - 

o a) n(2RV4S, 5S, 1 , S)^5-am^ (1 
br. , o c. isopropyl-1 1 -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
- hexanamide s-.^* sJ.;.--- y * -. <,-..- ; iV; ... * 

Y^. Lvt'U-xi ; .The* product of Example 1(c) (0.20 g, 0.31 mmol) was 
;;; ;30 1:? dissolved in trifluoroacetic acid and. stirred at room ^ 
-ST r (j.temperature *f or 5 min/ and partitioned between v 

, t ' u. - dichloromethane, and saturated aqueous Na2C03 . The organic 
-■■>:."' , extract was dried oyer Na2C03, filtered and evaporated to 
afford the title compound ,(0.17 g, 100%) which was used 
35 - ( without; further purification . : i • -. « . ^ . r. , = *: 

b) (2R,4S,5S,l , S)-5-(isopropoxycarbonyl)amino-4-t- 
butyldiraethylsiloxy-N- [ 1 1 -isopropyl-1 1 - (N 1 - 
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isbpropoxycarbonyl) inddazdl-2-yl] me^yl-6^pheiayl-2- 

; *phenylmethyl-hexanamxde v ' . \. v ■ * ' J 

• A mixture containingf the con^ounS v 'of 13 (a)^- (0.17 g, 0.31 

mmoi), isopropyl c^orbformate (0.6*2~ ml^'l^^ : > ^ 
5 dichloromethane, 2 eq) and 4-dimetlfylai^ (0*75 g, 2 

eq) in dichloromethane (40 mL) was allowed to stir at room 
temperature overnight under an argbnVatmbsphexe . oThe mixture 
was then partitioned between" dichioiomethai6^ arid sat 
aqueous Na2C03, and the organic • extract:; was rdried^ over Na2C03. 
10 The solvent was removed in-/va'cuo/^"«dvthe^TOtildue- was y 
purified by flash chromatography i(silica; /.M.G 1 - ■ 
: methanol/dichloromethane) to afford the- titles compound^: (0 ; 214 
g, 96%); NMR(CDC1 3 ) 5c7. 35-6.78 v (12H f -m)7 6.57 f (lH, d), 5.61 

- (IB; dd), 5.19 (ltf/ m), 4;86 V (1H, m)^ 4.77 (IE; d) ; 3.97 (1H, 
15 q) f 3.63 (1H, t) , 2.88M1H, dd) f 2.70-2. 48,?(4H, im) > 2.06 (1H, 
m), > 2.00-1.85 (1H, m) 1.79-1.64 (1H> m),~1.45 (6H, dd) , 0.94 
: , (9H, s), 0.85 (6H, d) # i 0.12 (6H, d) ) C^-/ {e 

c) (2R, 4S, 5S, 1 ■ S) -5- (isopropoxycarbonyl) amino-4-hydroxy-N- 
20 (l^isopropyl-l'-imidazol^-yDmetliyl-e-phenyl^- 
phenylmethyl-hexanamide 

^ To a solution of the coi^ in 
- , methanol, excess aqueous HCli(~' 5 eq)^^s^addedr :^The 

resulting solution was allowed to stir^at3rodm/teir^ 
25 overnight, and was concentrated under reduced pressure;: The 

residue was diluted .with H2O/;/ and basifiedrwltli} aqueous 
1 -Na2C03. : The mixture was extracted..^ 

the combined organic extracts were dried oyer Na2C03. The 

solvent was. removed tin'. vacud r andcttiev reside 
30 flash chromatography (silica, >:4% miathariol/dichlordmetharie) to 

afford the : title compound (0> 150 M gJ: 97.%) ;rjyNMR(CDCl3) 8 7.32- 
r 6.56 (13H, m), 5.48 (1H, d) /« S.08> ■ (1H^ ; ia)>^5.00^(iH> s(br)), 

4.87 (1H, m), 3.78 ; (1H, m),v3;62-(^ 

2.67 (4H, m) , :2.29 (1H,. m) , r.'95-l. 65 ^(2H^ m> 25-1. 12 (6H, 
35 dd), 0.80-0.60 (6H, dd) ; MS m/e ..521; [M+H]+,' 519^(M-H)-.n: 



WO 93/02057 



PCT/US92/06047 



• ■ i)Z - 49 - 

i *r,.v. C-;C; d)ii:(2R r v4S>5S, l l S)-5^(isoprppo^carbonyl)amino-4-hydroxy--N- 
.ir:i (I'-isoprbpyl-l'-i^ 

<u :\c rMT & The product -jof rl3*(c)-.; (100. mg,. >0. 192 xnmol) was dissolved 
.0&s' vtoVmethanol^ in ether (0.192 

.■•f!:y-?L>a mL) wasCadded.> The solution was concentrated by rotary 
J ^ i ? \<i evaporation ^without heating/ and the residue was trituated 
o: ( with- ether and dried ? under vacuum to afford the title. 
v v (contpound (104 mg,Y?8%) .: NMR(CD 3 0D) 5 7.30 (2H, s) , 7.21- 

0-*--\lO , 6V;88 (14H,\m), 4V61-(2H, , m) , 3.65 (1H, m) , 3.48 (1H, d) , 2.99 
v. ^ (1H/ 2.87 (1H, m)>) 2.74-2.56 (2H, m) r 2.12 (1H, m) f 1.75- 
• w 1.50* (2H, m), r;i7-1.00 (6H, dd), 0.90 (3H,d), 0.64(3H, d) . 

, Ji- ; , v.j. <^ > {. Ti ; . ■ v 

^ 'c: 0 : Example 14 , 

15 . • 

V -ov < V Preparation of f ?R, 4fi. 5S. 1 'S> -5-7bPnTylnyy^hn yvcarhf>nyl 1 
amino-4-hvdroxv-N-(l'-isopropvl-1 ^^Ida^ol-^^yn Tn^hyl-fi- 
phenyl -2-phftn vlmrtthvl-hexananH Ho . 
■ ;v.lvj iqs:-. ^ y. ; . r., ^::^:. r /U ^' •;; \; :-,,o ...... 

i.; 20 -a) benzyl03qrethyl-(4-nitro)phenylcarbonate or.. 

: . ■ 0; • > Td^- solution' of 2-ben2yloxyethanol (2.5 g, 16.4 mmol) 
- ^-<- and bis (4-nitrophenyl) carbonate (5.0 g # .l eq) in 
! 'V..r dichloromethanen(200 -inL), N-methylmorpholine *(1.81 mL, 1 eq) 

was added. The resulting mixture was allowed to stir at room 
25 temperature for 3 d. The reaction mixture was washed^ 

successively with[ H20i and saturated aqueous NaCl and dried 
; over Na2S04. The solvent was removed in vacuo, and the 
: - residue i^was purified ?by£flash chromatography (silica, 20% 
.. v u ethyl- acetate/hexanes) ' to afford the title compound (4.38 g, 
30 .84%). NMR(CDC1 3 ) 5 8.26 (2H, m) , 7.34 (7H, m) , 4.62 (2H, s) , 
4.49 (2H, t), 3.70 (2H, t) . 

b) (2R, 4S;5S / l!S)-5-(ben2yloxyethoxycarbonyl)amino-r4-t- 
-1 ^/l , on i butyldimethylsiloxy-N- [1 '-isopropyl-l ' - (N 9 -benzyloxyethoxy- 
35 carbony 1 ) imidazol-2-yl ] methyl- 6-pheny 1-2-pheny lmethy 1-: f ; 
E nits a Hhexanamide X r.: ■:;i'u ! .;t^ lo /r '■».;.',:oo .,:! • ■ >;.r , ' 

- ' " V ii Toca 'solution ' of. the compound of Example 14 (a) (134 . 5 
/;;Vv. r i:' Oi ?9r/- , *0«2"4- mmol) in dichloromethane (40 mL) under an argon 



..PCTAJS92/06047 

WO 93/02057 V . 

. p ■■■ - 50 - 

atmosphere; benzyloxy*^ 2 
eq) and" 4-dimethylaminop*yridinev (60 Jtagfc. 2> eq) : :were added. 
The resulting mixture was allowed* *o ^ st^:atv room>tenperature 
■ ir. , overnight, and was ^diluted- with :dichloromethane. The organic 
5 extract was washed successively witK agueousI Na2C<^, H2O, 
- :•■ aqueous Na 2 C03 and .H20,.-:ahd' dried- foverhSaiO^irw "ThW solvent 
. . was removed in vacuo,:? and the residu^ 

. chromatography (silica> 4% methanbl/a^chaoromethatoe) t:o 
afford the title, compound? (180 :mg; . 82%) -.: > NMR(CDCl3) 6 7.45- 
10 ,6.80; <22H,. m>, 6.62 :<lH,,d),, 5.60 -<1H,, t) ,,;5\0.6?S;(1H, d), 4.60 
... (2H, s), 4.52 (2H, S),14.50; (2H, m)>) 4;.31; (M/ 4.07 <2H, ' 
, m)> ,3*80 .<2H,;.t), 3.68 (1H, q) ,; 3;57r {IE, q) > ■ 2>. 85;: (1H, *) r 
2.77-2.41 (4H, m) , 2.09 (1H, m) , 1.90 (lH, m) , 1.73 (1H, m) , 
0.95 (9H, s), 0.81 ..(6H,\dd), 0.11 (6H, d) . 



15 



c) (2R, 4S , 5S , 1 ' S) -5- (benzyloxyethbxycarbohyl) amino-4-hydroxy- 
r ^ N-(lVis6propyl-l^-i^lidazol-2-yl)methyl-6-phenyl-2- 
phenyimethyl-hexanamide >;"" -' : 

Following the procedure of Example 13 (c) , except using 
20 the compound of Example 14 (b) ■> (160 mg) ; . the v title (compound 
was prepared (100 mg,[81%)>- . NMR (CDCI3 / , . CD3OD ) 5 7.40-6.79 
(17H; m), 4.55 (2H/ s) ,• 4.45 (lH,:«dJ* i 4:20: (2H/ in), 3.80-3.45 
(5H, m), 2.95-2.66 (4H,m), 2.59- (1H, dd) , 2.07. (1H, m) , 1.71 
(2H, m),. 0.80 (3H, .d) , 0.68 (3H, -d) . ■■>«,;>; . ue* . 

25, ■•• • -J. -..v., - • . '.t ■ : : : T . ''. i.V .ZivW-W,.'. 

prppr^ ^ n of /?r. 4s - sr. t -5- frnftthoxvcfirhnnvl > ami no-4- 

hyHr^vy-W- M «-4 fin^r o pyl -T-tnH darol -?-v1 > ITlPf hvl -fi-Ptiftnvl-2- 
30 ph#»ny1 nit^ yl -frpxanamide •: ' . ii <• i : .: /} ^'S* ; . 0i! . 

a) (2R,4S,5S,l'S)-5-(methoxycarbonyl)amino-4-t- 

.. :>butyldime^ I- 
i.< methoxycarbonyl) imidazol-2-yl]methyl-6-phenyl-2-phehylmethyl- 
35 hexanamide • - r : ■ ' *" • : ' : ' :->'*n t \ i^-f.yXshi^' uV^^-r^^e -■■ 

Following the procedure of Example 13(b) ,- except using 
.. j (2Rj 4S, 5S> 1 ' S) -5-ainino-4-t-butyidimetAylsiloxy^^ •- 
. r isopropylrl ' -imidazol-2-yl) methyl-6-Tphenyl-2-phenylmethyl- 
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- L)- >\ hexanamide, the title compound was prepared (89%). 

..; v . r>j ^ N^(OTC1^) . : 8 7.40-6.79,^12^. m); # 6.52 (1H, d) , 5.58 (1H, dd) , 
4.91 (lH f d>; 3.96 (3H, s) , 3.95 <1H, d) , 3.66 (lH,-t), 3.60 
(3H, s), 2.85,(1H, m) 2. 73-2. 40 (4H, m), 2.08 <1H, m) , 1.90 
5 (1H, : m), 1.69 :(1H, m),, 0.95 (9H, s) , 0.85 (6H, dd), 0.14 (6H, 

b), (2R, 4S, 5S, 1 'S) rS- (methoxycarbonyl) amiho-4-hydroxy-N- (1 
isopropyl-1 , -imidazol-2-yl)methyl-6-phenyl-2-phenylmethyl- 
10 hexanamide 

Following .the procedure of Example 13(c), except using 
the compound of Example 15 (a) , the title compound was 
: 8 7.23-6.60 (12H, m) , 4.38 

I: 1 (1H, d).,:v3.65 (1H, t), .3.54 (3H, s) , 3.33 (1H, m), 2.95 (1H, 

15- m), 2.82-2.40 <4H, m) ; 1.95 (1H, : m) ., 1.64 (2H, m), 0.69 (6H, 
dd) . 

, ,. : Example 16 

}fs j;; -v: a (r. " :?j o ' v. ; — r,; .: \ . • ■ 

-20 Preparation of f2R. 4S. 5S. 1 «S) ^S-fftthoxycsarhonyll amino-4- 

. fr thyriroxy-W-fl '-isopropvl^^ 

t ;j L ; phenylmethyl-hexanamidft ; , \~ 

a) (2R r 4S r 5S # l , S)-5-(ethoxycarbonyl)amino-4-t- 
25 butyldimethylsiloxy-N-tl^isopropyl-l^tN 1 - 

- is/ ethoxycarbonyl) imidazol-2-yl]methyl-6-phenyl-2-phenylmethyl- 

ihexanamlde aI ( v c • ; ::.. : r.: : - 
-n-iKzh j<v ^::- Following ithe procedure of Example 13(b), except using 

a,. (2R, 4S, 5S, 1 IS) -5-amino-4-trbutyldimethylsiloxy-N- (1 
oc . '30 r < f- isopropyl-1 1 -imidazol-2-yl) methyl- 6-phenyl-2-phenylmethyl- 
il). ^hexanamide .and ethylchlorofprmate, the title compound was 
•Cj ;S?.; jPrepared (90%) . ;NMR(CDCl3) 8 7.35-6.77 (12H, m), 6.55 (1H, 

d), 5.60 (1H, dd), 4.86 (lH^d), 4.41 (2H, m), 4.15-3.90 (3H, 
m), 3.66 (1H, t), 2.87 (1H, m), 2.75-2.45 (4H, m), 2.08 (1H, 
35 m), 1.92 (1H, m) , 1.70 (IH, m) , 1.45 (3H, t), 1.18 (3H, t) , 
0.98 (9H, s), 0.85 (6H, dd), 0.13 (6H, d) . 
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b) (2R, 4S, 5S, 1 • S) -5- (ethoxycarbonyi);^ (1 
isopropyl-i ' -imidazol-2-yl) metoyl-k-phehy^ 
hexanamide ; ; H) ^ >; J." ;\' 

Following the procedure of Ekarapie 13(c) , except using 
* the conpound of Example 16 (a) / the 1 title r conq?bund 'was - 
prepared (95%). NMR(CDCl3r CD3OD) 5 .7.25-6.75 (12H, m), 4.43 
(1H, d), 3.95 (2H, q) , 3.61 (1H, q) , 3.40 (1H, m) , 2.85 (1H, 
m) V 2.80-2.40 <4H, m) / 2.05 (1H, m)V ^lv6L-(2H;^t)v { l.U <3H, 
t), 0.72 (3H, : d), 0.55 (3H, t)V '-kote. :-- v -v^i 



Preparation f?R , 4S; 5fi. 1 

hyrfrnvy-N-M «-< snnrop yl-l '-imiria70l-2^ 
15 r^-phgnvl- ?-propfiTiv1 1 hexanamide J : ; 0* : , i,.^ 1 

a) (3R, 5S, 1 • S) - (1 1 -t-butoxycarbonylamino-2 1 -phenyl) ethyl-3- 
( 3-phenylprop-2-enyl) -t etrahydrof uran-2-one 

Following the procedure of Example 12 (a) , except using 
20 cinnamyl bromide (0.485 mL) as the' alkylating agent r the 
title compound was prepared; (0.51 7gvX75%)^^ 5 
7.35-7.10 (10H, m), 6.43 (1H, d) 6^09 (1H, m) , 4^60 (1H, m) , 
4.48 (1H, q), 4.00 (1H, t (br) ) , 2.96-2.55 (iH/m), 2.53-2.21 
(2H, m), 2.05 (1H, m), 1.35 (9H f s) . 1 ^ v *^ ; : 



>A-i< 



b) (2R, 4S/ 5S) -5- ( t-butoxycarbonyl) amino-4-t-butyldimethyl- 
s iloxy- 6-pheny 1-2- (3-phenyl-2-propenyl) hexanoic acid 

Following the procedure; of ..Example* 12(b) / except: using 
the coirpound of Example 17 (a) , . the title compound -was 
30 prepared (77%). NMR(CDCl3) 8 7.40r7^05 v r (10H>: i .m)>V;.6. 48-6.00 
(4H, m), 4.78 (1H, d) , 3.94 (IH^ q), 3;80 ; (lH / m)V 2.89 (1H, 
m), 2:83-2.26 (4H, m), 1.90 (1H, m) , 1.59 ; (iH/ m)y' 1.28 (9H, 
s), 0.90 (9H, s), 0.08 (6H/d). : ; - ^ ; " ? 00 ; . " 
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Sc): (2R f ;4S;5S f l!S)r5-(fe-butox^ 
butyldimethylsiloxy-N- (1 '-isopropyl-1 , -lmida2ol-2-yl)methyl- 
6-phenyl-2-(3-phenyl-2-propenyl)hexanamlde . 
J ; Following: the procedure of Example 1 (c) ; except using 
5 Cc the: compound of; 17 (b) , the title compound was' prepared (82%) . 
.vs : NMR(CDC1 3 ); 8 T«3^7.1S-(10B,.n)'>:;.7;14--6.85:,(2H, m) , 6,73 (1H, 

- ^:s) f 6.20 (1H, d)V^6.10-5v88 (1H, m) , 4.78 (1H, d>, 4.65 (1H, 
^: :J^ t), 3.97 (lH/,q) Y v3.76 <1H, m) , 2.77 (2H,:d), 2.50-2 .25 <2H, 

m), 2.12 (1H/ m) #/ 1.1.70 (lH r m) r 1.63 (1H; m) > 1.36- (9H, s) , 
10 r 0.92 (9H, s), 0:8'1 <6H, 'd), 0.09 (6H, d) vi .-«v 
l.i-- , ix? : "a^r :■.:>._.$ ^IJtrru; -~ r.y r 
d) (2R,4S, 5S, 1 1 S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- (1 1 - 
: isopropyl-1 l-imidazol-2-yl) methyl-6-phenyl-2- (3-phenyl-2- 
) ov . propenyi) hexanamide^G : ;i * ■ t n- ..•*. u 

, 15 ,H : .) v: .Following ) the* procedure} of Example 9 (d) , : except using 

- t the compound ^of 17 (c)> the title compound was- prepared (90%) . 
NMR(CDC1 3 / CD 3 OD) 5 i7;30r7.00 (10H, im) , 6.71, (2H/ is) f 6.26 

(1H, d), 6.41 (1H, m), 3.66 (1H, d) , 3.50 (1H, d), 2.88-2.45 

(4H; m)P 2;3£^(lH r m)V 2.23 <1H, m) y 2.06 (1H, m), 1.70 (2H, 
20 m), 1.34 (9H, s) , 0.88 (3H f d) , 0.74 (3H f d) . v v - 

0 ,9^ MS -m/ei'S^l -[M+H] + i .'-J b^^qc,.> o.<;i \o ..c- ' 

ns^cwoo oi:?.* ^ ^fJV : !V?cm:i^ /: i...^rv Example 1ft ;i ■ ; J-;: cr. . : is*- 
. mi -il'x ,. : ucti^i ,t ; ? ; bar* {tOb % ; ■ \- :;c!"'- .vy; 
? 25 Preparation of (?.R.4S:SS.i ^<;V^^^^Wnxvgarhonyl^aTnin^4^ 
% b ^Phvdroxv-N-'m-isoprop^^ 

phfinyl-2-phfinylmftthyl-hftyflnnTnldft • 1 

a) (lS)-N-(l-(indda2ol-2-yl)-2-methyl)propylacetaraide 
-?30>. ' .? Toia ?solutionvof ^ the : compound of Example 1 (b)' (175 mg) 

in dichloromethane ; (10 mL)T* at* 0°C^ was added diisopropyl- 
??;-.U:- • ethylamine) (355 -/mg/o 2 . 75 mmbl) ^followed by * acetyl chloride 
o.U ;r v:(215 mgr:.r2r75 mmol) v ~ ^Theoresulting 'mixture was stirred 

overnight r ? washed with saturated aqueous Na2C0 3r and 
f 35 > oconcentrated.^ The ^residue* was treated" with methanol, stirred 
^ r overnight^an<i Wiicentrated* under reduced pressure to afford 
'iO,' the i title ^compound- (181 'mg, " ?78%).* as ^-a 1 white solid. 7 
: NMR(CD 3 0D) 5 :6; ,(2H> S)> 4.72c(lH, d/: J«6 Hz>> 2:35-2.10 
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(1H, m), L98 (3^.^)^0.98 (3H r :id/2^5V?3 r fe)^i 0C82 (3H, d, j 

- :; : j^5 Hz) . • : *■ : - ^ -K- • ^ ^ cXV^^^^Ci^ V : ' ,v ' j ; 

; • b) (lS)-N-(l-(4-nitroimida2ol-2-yl) -2-methyl)propylacetand 

:'.* 5 : The compound of : Example 18(a) (290Vrag^l^ 60>mmol)' was 

\\". L. dissolved in" cold- concentrated JHiSOf: (2 'inLJ /rahd^fter J 

stirring for--15 % min / ^90%^HNO3 7(03:4^)^was . ; ad(lec[-;4ropwise. ( 

\u:.:> : . The resulting- mixture; was ;^ 40°C and stirred ,| 

Li for 2 h. The; mixture was> then ^poured onto ice >V and the pH f, 

10 was adjusted to 4 by the addition icfi solid j&HCOj • The: ! 

mixture was extracted with ethyl acetate (6x) , and the j 

v . combined ;Organic extracts ; were ) dried 'oyer MgS04;;and . | 

• : : concentrated under J reduced pres sure> ltd -afford the < t it le j 

compound (153 mg, 42%). ' SMEKCDsODh-S 7.98; ,(CLH,- s) ; , 4.70 (1H, jj 

15 :d, J=6.H2) f 2.35-2.15 (1H; m) ^rl.98 jtf^^ J«5 j- 

< ; i a ; Hz), 0.85 (3H, d r J=5 Hz) ,>MS m/e 475i2 

, <M+Na)+, 227.2 [M+H]+, 185i2£ 168^0; j.: 

n : >v <},:■ ,,,,, . # *<.-.f \ :r-,o ,{b v u.n jj 

o»; c) ; (1S)-1~(4^ ;J 

20 dihydrochloride salt A v. t [ : \;> ^.o. , (•> ,:m f-E'.r' ,"<-: jj 

A mixture of the compound of Example jl8;(b) ^(153 mg, 0.68 jj. 

mmol) in SN HC1 (2 mL) was : Heated at" 90°C;"for 12 h, cooled j !• 

and concentrated under ^reduced pressure. The title compound !• 

was obtained (138 mg/ 80%) and used without further M 

r 25 ^purif ication. y- .NMR(CD30D)..i5 .8.12;i(lH^.S)- / i)/4 ^PxXlHjr d, *T=4 | | 

^.r.. u ....: Hz) / 2 ;45-2.30 (1H, m) ; VI. 12 (3H; id;? J=4 ?.tetr:l0^ ; 9tr6(3H # d, | | 

.... 1 I 

„dK (2R,4S,5S, l'S) -5- (t-butoxycarbonyl).aminor4Tt-; d M 
«,.:.. 30 butyldimethylsiloxy-N-[l , -isopropyl^lV-(4--nitroimidazol^2- 

v ,yl) ] methyl- 6-phenyl-2-phenylmethyl-^ j: 

: . : Following the ..procedure : of > Examplet 1(c).; '^except using | 

; (2R, 4S/5S) t5- (t-butoxycarbooyl) aminbr 4- trbuty ldimethy Is iloxy-* j 

6-phenyl-2-phenylmethylhexanoicracidiand ;i(lS)*-l-(4^o \\ 

; 35 nitroimidazol-2-yl) -2-methylpropylamine, f.the title c compound \ 
: v : : was prepared . ^ NMR (CDCI3) ; 5,,7. 30-6. . 90 ); ,( lOj .H r j^m) v r . 6..60y ( 1H, d, 

J=4 Hz) , 4.70, (1H, d r . J^5 ( Hz) r ::4;40 ^(lH^^ 
• ^ ;(1H, q,:J=4 Hz), 3.75 (1H> dd, J=8> ^ HzVV 2^75^2 ^30* (6H, m) , 
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1.80-1.50.£(3B > .-,ib).V 1.25 (9H, s), 0.85 (9H, s) , 0.70 (6H, in), 

0 . 05 ( 6H, d r >: J-4 Hz) .. : . < 
■ . . . . s; - b :k ;£.;•,;.. i . i ; ; r :\- ■ 

;:^) (2R,;4S, 5S, 1.' S)c-5- < tTbutoxycarbohyl) araino-4-hydroxy-N- [1 • - 
.. 5 i.isopropyl-l , -{4rnitrolniidazol-2--yl]methyl-6-phenyl-2-; 
■ phenylmethylr-hexananiide .,; •; ir-.-.. -\, . .. 

i' ^Following the ; deprotection procedure of Example 1 (d) , 
except fusing (the' compound of Example 18 (d) ,. the title 
•, r; coinpound was; prepared.; v NMR(CD30D) 5 7.90^ (1H, s) , . 7.40-6.90 

v 10 j(10H, m),. 4.53, (1H,:4, J-6, Hz) , 3.70 ,(1H, m) , 3.50 (1H, m) , 
.<,■!_ 2.90-2.60 ; (5H,.m), 2; 00 (1H, m), 1.90-1.55 (2H, m) , 1.49 (9H, 
s), 0.85 (3H, d, J=4 Hz), 0.70 (d, 3H, J=4 Hz) ; MS m/e 602.4 
-'•i (M+Na)+, 580.4f[M+H] + , ;524.4, 480.4. • (; 

is Example 19 •.<••;.,, 

■:<:.■- :! ■ xs- - {«•' :' t ' >:.'.• 5 • ; ;n' .. ->. ; : 

■ PrgparalHnn of f?R.4S.SS.1 «SY~?;-7f--hutoxyffarhr>nyl 1 am^nr>-4- 
'• hydrnvy-W-n '-Pfhyl-1 mi rtar.nl -7-yl 1 wiftfrhy 1 -fi-phf»ny1 -3- 

, i ..phftnylmfttTiyl -hftxanamlrift 

20 ' . ■ ••" • ••• • • ••? ... . . ■:• 

a ) ( IS ) -1-carbobenzyloxyamino-l-ethyl-l- ( iraidazol-2- 
yl) methane 

Following the procedure of Example 1 (a) / except using 
Cbz- (L) -a-ethylglycinal in place of valinal, the title 
^25 -.compound was .prepared. • NMR(CDCl3) 8 7.45-7.10 (5H f m) , 6.90 
(2H,: s) , 5.65 (1H, d r J«6Hz), 5.10-4.95 (2H, m) , 4.40 (1H, 
q, J«5 Hz), 2.00-1.70 (2H, m) , 1.00-0.80 ; (3H, .m) . . 

••< b) • (IS).- (l-imidazol-2-yl) propylamine . ... 
30 Following : the" procedure of Example 1(b), -except using 

v. the compound' of Example.- 19 (a), the title compound was 

prepared. NMR(CDCl3) 8. 6.90 (2H>i s) , 5.00-4.50 (2H, br s) , 

4.00 (1H, t, J=5 Hz), 2.00-1.70 (2H, m) , 1.00-0.80 (3H,- m) . 
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c) (2R, 4S f 5S, 1 *S) -S-Ct-buto^c^onyl)'^^^-^-: - 
butyldimethylsiloxy-N- [1 '-ethyl-l^-imid^zOl^-yl] methyl- 6- 
phenyl-2-phenylmethyl-hexanamide '\ 

Following the procedure of Ex^lg^lCcJi^^except using 
5 (2R, 4S,5S)-5-(t-butoxy<»rbbnyl)aniino^4 

6-phenyl-2-phenylraethylhexan6ic- acid and thei -'compound of 
Example 19 (c) , . the title compound r was . prepared 7 ; ;SMR (CDCI3 ) 8 
7.35-6.90 (10H^irtV.-'-6.-78/X2H^-8>^'6v;20.t(d r v^.i ; Ha)> 4.80-4.65 
•• <2H, mY, 4. OS (1H, ! q, fcS !i Bz) />-3 .72'; (IMS W^10P3 Hz) , 
10 2.90-2.50 (5H, m) / 2.10-2.05 (lH/"m)/ 1.90-1. 65«:(3H, m) , 1.40 
(9H, s), 0.95 (9H, s), 0.90-0.85 (3H, ra)V 0.50 C(6h; s) . 

d) (2R, 4S, 5S, 1 ' S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [1 * - 
ethyl-1 ' -imidazol-2-yl] methyl-6-phenyl-2-phenylmethy 1- 

15 hexanamlde ' • ; ' 

Following the procedure of Example 9(d)i except using 
• the compound of Example 19(c) , the" : 'title compound was 
prepared. NMR(CD30D) 8. 7> 40-7 ; 00 •. (10H;_ m) , 6 . 85 i (2H, s), 
3.60-3.50 (2H, m), 2.95-2.60 <5H, dm) ryJli.95-i^52ii (4H, m), 
20 1.48-1.26 (9H, m), 0.8-0.9 (3H, m) . 
MS m/e 521 . 2 [M+H] +; 503 . 4, 447 . 4 , 



25 p~ r »i-»fr W ^ 4fi. 1 ' ^hntoxvcarhonvl VaniinoM- 

< hyrfT-»yv-w- /i t-Jm<ria*n'i-3-vllnw»f- nvl ^6-nhftnvl-2- 

Following the procedure of Example :• 19 (a) -19 (d):> except 
30 substituting Cbz- (L) ^rpropylglycinal. ; .£or-Cb.z-- (i)'-a- r,r 

r- . ethylglycinal, the title } compound-was prepared i> Data for the 
• -.intermediates' of this 'synthesis ifc»re': ^ 
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u>: /f:;a) (lSJrl-carbobenzyloxyamino-lrpropylrl- (imidazol-2- 

i o; r . yl) methane. 5, : .NMR{CDCl3) ;8r7.40-7.10 ,(10H # ( m) , ; 6^65 (2H, s) f 

•vjci ' i S.55:;(lH,.:d f J-6 Hz) ;. 5.10^4.90 (2H, m) , 4.65 <1H, q, J-5 

' i: - Hz); '2.05-1.93 > (1H, m)/ 1.90-1.75 (1H, ra) , 1.45-1.20 (4H, in), 
i'S v 0 . 95-0. 85: (3H, si(.; .. * : ,]■:;■■: ■[ ■■ > i . •/ 

" b) (lS)-l-(inddazol-2-yl)butylamine. NMR(CDCl3) 5 6.90 (2H, 
s), \5.10-4."40(2H,; s(br)), 4.05 (1H, t, J-S Hz), 1.90-1.55 
- (2H^ m>; 1.45-1.20 ' (4H, m) ; 0 . 95-0 . 80 (3H, m) . • 
^lO.o , Jr ) Z"- . ; . . : . v 

C .c) . (2R, 4S, 5S; l'S)-5- (t-butoxycarbonyl) amino-4-t- 

butyldiinethylsiloxyrN- [1 '-propyl-1 ' -imidazol-2-yl]methyl-6- 
, phenyl-2-phenylmethyl-hexanamide . NMR(CDCl3) 8 7.35-7.00 

<10H, m), 6.78 (2H, S), 6.22 (1H, d, J=5 Hz), 4.85-4.68 <2H, 
15 m), 4.00: (1H, q,< J-3:Hz), 3.75 <1H, rdd, J=10, 3 Hz), 2.-80- 

- 2.50-(5H, m) > 2. 12-1. '95 (1H, m), 1.90-1.60 (3H, m), 1.40-1.20 

- (13H/' m), 0.90 (9H,s), 0.87-0.80 (3H, m), 0.07 <6H, s) . 

d) (2R, 4$, 5S, 1 *S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- [1 f - 
20 propyl-1 , -imidazol-2-yl] methyl-6-phenyl-2-phenylmethyl- 

hexanamide • ^MMR (CD3OD) 5 7,40-7.00 -(10H, m) , 6.90 (2H, s), 

" '^3.78-3.50 (2H/ m), 2.90-2.60 (5H, m), 1.90-1.55 (4H, m), 
1.45-1.20 (13H, m); MS m/e 535.4 [M+H] + . i 

\U; ' J ,{;::.: si;,;: 'Xc ■■■ : j v.;.-.: . ;. . 

'25LYsi.»cv : \L\: *iJi.y*r: : -i .7: Rxamplft 21 ; , ■ : ; 

-x {Z. ) -or. 5 :.».- :>■- *=■ *Uv- - : y .- 

% . rPrppar^Hnn of f2P - 45 . 5S. 1 ' 581-5- f £-butoxvcarbonvl> amino-4- 
v : hydrgyy-TJ -M '-isopropyl-l M-hroffloimidagol-2-vll 1me*.hvl-6- 

•••30 J O ^V. C 7u;3 -t. ) , - - v . • : . , ' •"' 

> a) (IS) -N-l- (4-bromoimidazol-2-yl) -2-methylpropylacetamide 
• and ■»'£'- ^ ^ ^ i * ? ■ . ■ '- : ■ . , ■■ .. 

(IS) -N-l- (4, 5-<iibromoimidazol-2-yl) -2-methylpropylacetamide 
- v.*. - j :. ,- to" a solution of (IS) -N-a-imidazol-2-yl-2- 
35 ~S methyipropyiacetaiaide ; ( 1 . 58 g f 8 . 73^ mmol): in 95% ethanol 

(30 inL), 2,4, 4,6-tetrabromocyclohexadienone (3;93g, 9.60 
ii ; . f mmol) was added; The resulting mixture was stirred at room 
temperature for 30 min, and was concentrated in vacuo. The 
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residue was dissolved in; diciabrometA^e; washed With aqueous 
NaHC03 and dried over Na2SC>4. r - -The 'soivenferwaV 'removed in 
vacuo, and the residue was purified* by flash!: chromatography 
a. to afford the title compound (650;, nig, 29%) 1$ . NMR(CDCl3) 5 
5 .7.70 (1H, d, J-7 Hz),"*6.85 (1H, s),;s4.l7HlH^t^Jif7 Hz), 
2. 35-2. 25 (1H, m) , 1.95 (3H, s), 1.05 (3H, d, J=5 Hz) ,' 0.80 
: (3H, d, J=5 Hz) . ; : ^••-<v-j.o.^&^^^:J;-^.T_(^i.) <«f .. 

Also isolated was, (IS) -N-l- (4y 5-dibromoimidazol-2-yl) -2- 
methylpropylacetamide (50 l mg, i:8%) :2,NMR(CDCl3)< 5-i4*(S"8_ (1H, t, 
"l0 J=7Hz), 2.38-2^5 (1H, m), 2.05 (3H, s),, liOS. (3H, d,vJ=5 
Hz), 0.85 (3H, d, J-5 Hz); MS 'in/e 340 : 0 ; ' [M+H] t>' ; 280 .8 . 

b ) ( IS ) -1- (4-bromoiinidazol-2-yi) -2-metKyipropylamirie, 
dlhydrochloride '■') ' -i ■ •■^•> 5"? $ x ; *»0i> 

15 Following the procedure of i Example ;18 (c) , ; except using 

: ' > - J. (IS) rN-1- (4-bromoimidazol-2-yl) -2-methylpropylacetaraide, the 
title compound was prepared. NMR(CT30D) (8 7.60 ,.(1H, s), 4.35 
(1H, d, J=7 Hz), 2.50-2.38 (1H, m), 1.10 (3H, d, J=5 Hz), 
■ 0.82 (3H, d, J=5 Hz) . ><: ■ y .. .$} ■ ;.' ic J . V.?. .Jl- .(K . _ .. 
20' . • '•• .- •• J' - .■i.'v^i.- 'I •ivr!'.*-2>-.. !)•'. 

c) (2R,4S,5S,l , S)-5-(t-butoxycarbonyl)amino- i 4-t- i ■■.■*>■■ 
butyldimethylsiloxy-N- [1 , -isopropyl-l , .-.(4-bromoimidazol-2- 
yl) ] methyl-6-phenyl-2-phenylmethyi-hexanamide i ■ 

Following the procedure of Example 1(c) , except using 
25 (2R, 4S, 5S) -5- (t-butbxycarl>onyl) amihb^4-c^utyi6linethylsil6xy- 
6-phenyl-2-phenylmethylhexanoic acid and (lS)-l-(4- 
'. bromoimidazol-2-yl) -2Hriethylprdpylamin^ the 
. ; title compound was- prepared. NMR(CDCl3) ; : ; 8 7...40-7 ■-. 00 (10H, 
m) , 6.70 (1H, s) , 6.45 ,> (1H, U,T-a^^)^4^80^1H^tt> J=6 Hz) , 
30 4.40 (1H, t, J=5 Hz), 4.02 (1H, q, J=4 Hz), 3.78 (1H, dd, 
J=7, 2 Hz) , 2 . 90-2 .30 (9H7 m) 1 .85-1 .60 >(2H,< m), 1-. 45 (9H, 
s), 1.00 (9H, s), 0.85 (6H, t, J=4 Hz), 0.10 (6H, ; d, J=6 Hz). 

.. .... : ... , , .... \ .-!'' "• *W ' : ^p y. '■ ■ f > V* * " - ? ' 

d) (2R,4S,5S, l , S)-5-(t-butoxycarbonyl)aminp-4-hydroxy-N- 
35 isopropyl-l , -(4-bromoimida2ol-2-yl) ]metiyl-6rphenylT2- - r 

phenylmethyi-hexanamide o - rav^^SV^ ■ Cv> 

. Following the procedure of Example^ 9 (d),y; except using 
(2R, 4S, 5S, 1 ' S) -5- ( t-butoxycarbonyl) amino-4-trbutyldimethyl- 
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. F.r- ^ , ; rsilo^-N-[lJnisopropyl-l '- (4-bromoimidazol-27yl) ]methyl-6- 
phenyl-2-phenylmethyl-hexanamide, the title compound was 
prepared. . NMR(CDCl3> 8 7.40-7.00 (10H, ra) , 6»70 (1H, s) , 
6.55 (1H, m), 4.90 (1H> d, J=5 Hz), 4.50 (1H, t, J=5 Hz), 
5 3.75-3.55 (2H, m),,.2.95-2.65 (5H, m) f 2.40-2.25 (1H, m), 
1.90-1.60 (2H, m), 1.48 .<9H, s) , 0.80 <6H, t, J=6 Hz), 
i- ;,:;i v ,/l^.:.m/e-613„.2, [M+H]+f: 535.2.. ? ; : • ... . . .... 

. .: :>: ' :• " •!.<■. ... •:• • -j\ ■. ; ■ ■ ■. ■ 

■ ,,r^ ••, EXflTlTPlft ?? I - * 

10 . 

•Preparation Of ( 2R . 4S. 55. 1 'S) -5- (/T-niitnxvrarhrtnyl \ ami nn-4- 
hvdroxv-N- fl '-isooropvl-l ( 4 . 5-ri-thrnm Mmi riarnl -7-yl ) Imftthyl - 
. ,•>. 6-Phenvl-2-phenylTnf>1:hy1 -hffxanami 

: ; 15 .v Following the procedures.. of , Examples 18 (c) -18 (d) c and 
v ; 9 (d) ,.>• except , substituting x ( IS) tN-1- (4, 5-dibromoimidazoi-2- 
::■:>;>:,.■■ ■• yl):r2:-methylpropylacetamide for, .(lSJ-N-d^Tnitxoimidazol^- 
^-.-.-.iir-.v-i i.yl)-2methyl)propylacetamide,;the title compound was prepared. 
i.iUv. Analytical data. for the intermediates of this 'synthesis were: 

a)- (IS) -1- (4, 5-dibromoimidazol-2-yl) -2-methylpropylamine, 
~, a ,;. i dihydrochloride : ; - NMR (CD3OD ) ; .8 . 4.10-3.90 (1H, br s) , 2.30- 
:f r 3 2.10: (1H> s(br)), 1.10 (3H; d, J-5 Hz), 0.85 <3H, j d, J=5 Hz). 
no . . (v.7? : >l, ,};• ,;• } . j [ . ; .-. ■ . t .. , ;:• . 
0^25: ..hi (2R,4Sr5S,l l , S)-5-(t-butoxycarbonyl)amino-4-t-butyl- 
•>v=j «;-« dimethylsiloxy-N-Il'i-isopropylTl 'T(4,5-dibromoimidazol-2- 

yl) ]methyl-6-phenyl-2-phenylmethyl-hexanaiBide.;. NMR(CDC1 3 ) 5 

7.40-6.90 (10H, m), 6.38 (1H, d, J=5 Hz), 4.80-4.50 (3H, m) , 
4.00-(tt,, 1> <l, ii ^-5 i .H2) ,,.^3 ? 72.-.. (1H, dd, . J=7, 2 Hz) 2.85-2.50 
~S i30;v. (5H,. Y m) , ; 2.30 (1H,- br .s), -2.20r2.05;. (1H, m) 1.85-1. 65- (2H, 
m), 1.38 J:(9H, s) , 0.90 (9H r s) , 0.80-0.60. (6H, . m), 0.10 (6H, 

s .% b j j.'. c).. (2R,,4S, 5S, 1 \S) -5-.( t-butoxycarbonyl) amino-4-hydroxy-N- [1 •- 
35 r. isopropylrl Vr.(4,5Tdibroraoimidazol-2-yl) ] methyl- 6-phenyl-2- 
t ( , phenyimethyl-hexanamide . • ; NMR (CDCI3) •• ; S 7 . 35-6 . 85 (10H, m) , 
, 6.65. (1H,. br s),. 4,.92 (lH,y^d, : J-4 Hz) , 4..50.(1H, m), 3.72- 
, h;- ) : < . 3 .50 ?.(2H, m) ,c 2 . 98.-2 . 63 : (5H, ; m) , 2 . 15-2 . 02 (1H, m) , 1 . 90-1 .70 
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(2k, m), 1.40 <9H, s) ; MS We 593/ 

575,291. • ' ■^' ■^^ /. 

•■ : -i /lost)). < Hi* . ■ ..ztrxi'^irxq 

s , . , -r-.-.-r: '7;v .-.:>■• ??:■.'(■ juK^ii- &'■■'=;. . 

•.. : y Temple 23 -M^> ^y^-^y-S ... 

hyriynxy-N-M '-isonmpyl-l , -M -tn^hvliTnlda?:oi--2--v1 ) lmftthvl-6- 
phpnyl-2-p hAnYlwiffthvT^hejcanamide- - 



a ) ( IS ) -l^a^obenzyloxyamino^l-isoprqpyl-l 1 ^ ;( 4; 
, v met3iylimidazol-2-yl)inetd^ 

Cbz-(L) -valinal- (1.0 g, ■3\-9'i^l1^e^ J &^^ijd^ydte (4.3 
mraol, 40% in H2O) were dissolved in methanol (10 mL) and 
15' chilled in an ice bath: •■ Concentrated ;aV#e ! ous? ammonia^' (2 mL) 
. was added and the reaction mixture -was stirred 'at?20°C 
* ; overnight. The solvent was removed?in vacuo and. the residue 
■ k dissolved in 5% HC1 (S0»mL). aadektract^withvethyl acetate 
" :(3x20 mL) . The aqueous, layer was basif ied -tbi pH- 10 with 
20 solid Na2C03. A tan solid (463 mg) precipitated. The solid 
was purified by flash chromatography (silica; ; : 2%-3% 
methanol/dichloromethane) to : yield t&e* title" cbmpouhd as a 
white solid (180 mg, 16%) .' ] mp 163-164?C; NMR.(CDCl3) 8 7.45- 
7 .35 (5H, m), 6.60 (1H, s) , 6.00 (1H, d f J-4 Hz) , 5.05 (2H, 
25 q , J=4 Hz), 4.40 (1H, t, J=4 Hz) /• 2i45-2;30^ (lH x , m) , 2120 

(3H, s), 0.95 (3H; d, J=4 Hz), ■0\ r 80^t3H^|d><J^Hi)-;_.MS n/e 
: '' J '-. : 575.4 (2M+H)+, 288.0 , D OT]+. ;i -i- = -"^ ,s ^^^^: r " 

? b) (2R, 4S, 5S, 1 •S) -5- (t-butoxycaifconyl) amino^-t-- 
30 butyldimethylsiioxy-N- [1 ' -isopropyl-1 1 ^ ( 4 Anethyllmidazbl-2- 
yl) ]metAyl-6-phenyl-2-phenylmethyl-hex2m^ide ■ J 

Following the procedure of Example l(b)-l(c) r except 
using (2R / 4S / SS)-5-(t-butoxycarbonyl)amino-4-t- 
7 butyldimelAylsiloxy-6-ph^^ acid and 

35 :: the compound of Example 23 (a) the titlS cditqpourid was ^ 
prepared. NMR(CDCl3> 5 7.37-6;90 <!(10H^'m) ; -;6.45<;(1H, s) , 
6.38 (1H, d, J=3 Hz), 4.75 <1H, d, J-5 Hz), ^4.40 <1H, t, J~5 
.'*!. Hz), 3.95 (LH, q, ' J=4 Hz) , 3 . 72-3 ; 68 (lH, v m) V >2 .90-2 . 70 <4H, 
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m),. 2.60r2.48;,(lH,_ m), 2.45-2.30 (1H, m), 2.17 (3H,.s), 1.90- 
,1.80.(1H, m),. 1.75t1.62, (1H, mj , 1.40 (9H, s) , 0.95 (9H, s), 
0.75 <6H, t, J=3 Hz), 0.10 (6H, d, J=2 Hz) . 

— j ;n :' .*.fi' : ..;;i*:. ! •.Vji^o« 7^h\^ \>;:\vV- ■ ) - v ' : 

<r . ^5; . c)., (2R, 4S,5S, 1 'S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- [1 

isopropyl-1 (4-methylimidazol-2-yl) ] methyl- 6-phenyi-2- 

4 . phenylmethyl-hexanamide / 

. -"";} i l p^^ 1 ^^':^ 11 ^ .procedure of ^Exainple 5(d) , except using 
the cc|mpotmd 

'10* prep^e^ <1H, s), 

*\.i> ^^.(lH, ^J^Hz), *^ (lH^t, J=4 Hz), 3.72-3.55 (2H, 
, ,m), 2.95-2.65. (5H,..m), 2.35-2.20 (1H, m), .2.18. (3H r s),;1.75 
.... (2H, Jbr s),. 1.42 ,(9H,. s), 0.75 (6H, d, J=3 Hz); MS m/e 549.2 

- c ; ^[^H]t., ^ ^ . ^ ., . 

15 ■ ' . ... \! . 

Example 94 

^Preparation of (2R»4S> 5S>1 \S)-5-(f;-butQxycarhonyl)flTnino-4" 
hyriroxy-TT-ri ' -i sopropy 1-1 ' - M -t.ri f 1 iioromethy 1 imid'a zol-Z- 
y ,2(r yl) Tinftthyl"6-phftnyl-2-phftnylmftthyl"hftxanainidft ./ 

".v:;. .;J.:; r,-A^ , (' >''■*'. ^ ; - ./ \-;, * .;*q- 

^ ; t1: a)j;i JlS 

^ ^ t,rifluororaethyli^dazol-2-yl r r§tx 

in rt\ - r i Sodium acetate trihydrate (5.35.g f . 2.2 eq), was dissolved 
,25 , in water. (16 mL) and 1, 1 dibromotrif luoroacetone (5.31 g f 1.1 
o eq) was, added.,. .The solution ,was stirred for 30 min at 90°C. 
The solution was cooled to 0°C and poured into a 0°C solution 
of Cbz-Valinal (4.22 q, f 1.0 eq) in anhydrous methanol (80_ 
mL) • Concentrated ammonium hydroxide (22 mL) was added and 
. 30 r \ ft the mixture -stirred*, overnight , at room temperature . The e 
/; f solvent s^were-.evaporated^to, give : a white precipitate; which 
was covered with 150 mL of water. The, suspension. ; was, filtered. 
and the solid washed twice with water. The white solid was 
r. dissolved in ethyl, acetate, dried over sodium sulf ate, 
35 filtered,, and evaporat d to a white solid (5.24 g,, .86%) v 

^HNMR (CD3OD) 8 7.45 (1H, s) , 7.40-7.20 (5H, ^m) , 5.05 (2h/ q, 

' : " V '(V; ai^-5- Hz) ^^-- 5 96V ( l?'' J ^t.! 1 ? 4 * Hz},^2.38r240 (lH/, ni) 7 ! 1.00 (3H, 
, t? l" or d^J«4 Hz) ^ : 0.80^(3H/d, J=4 *Hz) r 'l^CNMR (CDaOD^^H-decoupled) 
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8 18.9, 19.4/ 67, 117 (q; J^ W"' *23.kKr* '^=266 -Hz), 128.7, 
• " " 129.3/" 133 (q^ J=39 Hz) x ; ! i38:0," lllhi W to/e^^O [M+H]+. 

b) (2R, 43,53,1' S) -5- ( t-buto^carbonyl) amino-4-t-butyl- 

5 dimethylsiloxy-N- [1 '-isop'ropyVi 'j-'^-trlf ^luorqaiethyilinidazol- 
' 2-yl)]methyl-6^h^nyl-2^hen^ 

Following the procedure of Example- 1(b) -1(c), .except 

1 " using the ^ 

butoxycarbonyl) andnor4-t-butyldlmetAyl^ 

ia phenylmethylhexanoic acid, the title compound ^ 

" ' NMR(CDCl3) 8 7.35-6.95 ! ai HV' mJ^ elsb^l^, dT^^ Hz) , ■ 4.75 

'"' 1 (lH,'d, Hz), •' 4125 "(IM^t? J^ r HzV^ 3vW;'|iH/ q 1 /^ Hz), 

" " 3.80-3.68 (1H, m), 2:90-2.40 (5H,' m), ^^ 'l. 8 0-1^60 • m) , 1.35 

(9H, s), 0.90 (9H, s), 0.80 (3H, d, J=3 Hz) , 0.70^i;3H, d, J=3 

15 Hz), 0.05 (6H, d, J=2 Hz). ' 

c) (2R, 4S, 5S, 1 *S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- [1 

* ' : i s op ^ 

; , \ ■■■ . ' ■ ■ - • r«« \-f*t r - J.b Vj't 1 

phenyl-2-phenylmethyl-hexanaiidde " ~ — — ; ' 

20 Following the "procedure of Exan^le 9(d) ; except using 

the compound of Example 24(b), the title compound was 
prepared. : * Nm(CbCl3)"5"7?35^(lH; sf7^25-Gl9(0^1O0 m)V 
4.53 (1H, d, J-5 Hz) ; 3^68 (1H/ t^^Ez)i l 3^52 (lHi d f J«6 
' Hz) , 2.90-2.55 (5H/^ <1H, m) , 

25 1. 65-1.50 (lH f in) / i^O^l^'S J (9H, m), ^ 

0.65 fell, d, Hz)/' r: MS '&e*60^^^ 503.2. 

•• ■■■■ --^ - j^Mfe^IL } ^ : ^ a ° ^V. 

30 '•' p^paT-aH™ r>f f ? P SS. j r «si '^9»^1^ffl^CTri ! HWiv1 Vanrtno-SI- 

* * 

a ) (is) -l-carbobenzyibkyandJib-l-isoprbpisrl- 
35 yl) methane 

' . ' Following the procedure of Example ; 1(a) ^ > except ; : 
substituting N-methyl-Cbzf (L) -valinal' for v Cbz^ (i.) -vaiinal f 
the title compound was prejpared. ' : l^ : (CDCl3) "5 7 .^45-7 .30 (5H, 
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ra), 6,90 <2H, ( s) , 5.12 <2H,« ; s), 4.60 <IH, d, J«6Hz), 2.95 j 
. (3H, s), 2.7.0-2.53, (1H, m) , 1.02 <3H, d, J«3 Hz), 0.85 (3H, 

5: t b) (IS) -1-methylamino-l-isopropylrl- (imidazol-2-yl) methane 

c Following the procedure of Example 1 (b) , except using j 

* the compound of Example 25 (a) , the title compound, was \ : ! 

-j. .v prepared . NMR(CDCl3);,5 .6.95; (2H, s) , 3.52 (1H, d, J«3 Hz), | 

V :X 2.30 ^3^ 0.82 } 

i klO v <3H, d, J=3 Hz) . ; ,., . ~ . \ 

..'i.; - • ■■ ; -.- - i • ■* -V:.., "■ ; - • 

' • f v c) (2R/4S / 5S / l , S)-5-(t-butoxycarbonyl)amino-4-t- • 
< i; f :r butyldimethylsiloxy-N-methyl-N- (1 • -isopropyl-1 • -imidazol-2- 
Uyl) methyl- 6-phenyl-2-phenylmethyl-hexanamide 
15 Following the procedure of Example 1(c),-: except using ; 

the compound of Example 25(b), the title compound was 

prepared. NMR(CDCl3) S 7.40-6.72 (12H, m), 4.82 (1H, d, J-5 | 
Hz), 3.95 (1H, q, J-4 Hz) , 3.82-3:. 75 <1H, m) , 2.95-2 .70 (5H, 
i (• m), 2.51 (2H,s), 2.50-2.38 (1H, m), 2.08 (1H, s), 1.87-1.68 
20 (2H,*m), 1.38(9H,: s), 0.95 (9H, s) ,. 0.88 (3H, d r J«3 Hz), 
v o0.75u(3H, d, J=3 Hz), 0.05 (6H, d, J-7 Hz). 

■;od) (2R,4S,5S,l , S)-5-(t-butoxycarbonyl)amino-4-hydroxy-N- 
^ r.io^ .* ;methyl-N- (1 l -isopropyl-l '-imidazol-2-yl) methyl- 6-pheny 1-2- 
x 25 * : phenylmethyl-hexanamide : ' v ■■• lV ,f t:; -" " ? 

v ; v^ ? Following: the procedure of Example 9 (d) , exceipt using 
-v.; .the compound of Example 28(c), the title compound wais 

prepared. NMR(CDCl3) $7.35-6.82 (12H, m), 4.90-4.72 (1H, 

m), 3.70-3.00 (2H, m) , 2.92-2.50 (8H, m), 1.90-1.60 (2H, m) , 
30 1.40-1.30 (9H, m), 0.95-0.70 (6H, m) . • . j ; ; 

MS m/e 549.2 [M+HJ+. 

> ....... . - ! 

35 Preparation of f 2R. 4S, "5S. 1 y S) -S- ( fr-hutoxvrarhnnyl ^ nn-il- 
hvdroyy-W- H ^isopropyl-1 M-rarhnmethoxy im ida^ol 

vinmethvl-6-phehvl-2"t)hftnylmet.hyl-h^ ; 
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a) (iS)-l-carbobenzyloxyamino-iHLsoprop^ 

: * - " trimethoxymethyliitddazol-2-yl) feethame^ 1 : ^ • * .< r [ . v" u - 1 

Sodium methoxide (8 mL r 25% in methanol.^ 37 ; ; 5 i. inmol) was 
added to a solution of the compound of Example 27(a) (640 mg, 
5 -1.88 mmol) in anhydrous methanol^ 1 (10 mL) ^iheyresnltin5r # 
: ; mixture was heated' at v 55°C overnight,; cooled; and 

concentrated under reduced pressure ; The residue was 
partitioned between ethyl acetate and ^ H25/ iuid the organic 
{extract was dried over Na2C(>3. TheJsolvent was removed in 
10. vacuo, and the residue was purified by .flash chromatography 
(silica/ 2% methanol/dichloromethane) to afford the title 
compound (545 mg, 77%) . NMR(CDC1 3 ) 8 7>40-7>20 (5H, : m) , 6.98 
(1H, br s), 5.90 (1H, br s), 5.08 (2H/ s)f 4.50 /.(1H> br s) ', 
3.15 (9H, s), 2.00 (1H, m (br)) f 1.00-0.80 (6H r m);. MS m/e 
15- 378.2 [M+H] + , 34 6, 332/ 271, 195.: ::\. : iy;j:y 

b) (lS)-l-ca3±6benzyloxyamino^-isbpropyl-l^ 
carbomethoxyimidazol-2-yl) methane \ini\' 

A solution of the compound of Example 26(a); (540 mg) in 
20 1:1 methanol/aqueous HC1 (10 mL) was stirred at ;rodirt n 

temperature for 2 h, and concentrated under reduced pressure. 
The residue was partitioned between aqueous Na2C03 , and 
dichloromethane, and the organic extract ; was drifed over 
: Na2C03 and concentrated in vacuo to afford the titles compound 
25 (470 mg, 75%). NMR(CDCl3) 5 7.55 v ,(1H, br cs)> .7.35 ,(5H, s) , 
.: • ,,. 5.90-5.65 (1H, m)> 5.10 (2H, : t, J«4 H2)>v4.60-4.42 (1H, m) , 
3.88 (3H, s), 2.40 (1H, ,br s) f l;00-0.80 >(6H, m) ; MS m/e 
• 332.2 [M+H] + . ; • -y.*iJ>^ 

.\-;:\ '.■:..[' ■"■ .:. i\:h ^.t- 1 ^ £ x ;\-- ; 

30 c) (IS) -1-amino-l-isopropyl-l- (4-carbomethoxyimidazol-2- 
yDmethane M"! " 

' Following the procedure of Exjairgpie: ; i (b) ;* "'/except using 
the compound of Example 26 (b>, the title compound was 
prepared. NMR(CDCl3) 8 7.62 (1H, s), 3.97 (1H, d r J-4 Hz), 
35 3.82 (3H, s), 2.27-2.05 (1H, m),: 0. 95-0.75 (6H, m) . ; ^ 
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d) ; (2R,4S x 5S,l£S)-5rJt-^^ 
r ; : o fo« dimethy lsiloxy-N- [ 1 ! -isopropy 1-1 • - ( 4-carbometAqxyimi dazol-2- 

• i'\A % G 'i.;;.r;;.j; Following the jprocfedure.*of Example 1(c),; except using 
, : : S ) ■ s 5 . r ^©jtcofflpJWA Exanple 26(c), ,the ; title compound > was e 

, prepared..^ NMR(CDCl3) 8,7.45r6.90 (12H, m), 6.48 (1H, d, J«4 

Hz), 4.72 (1H, d f J-6 Hz), 4.35 (1H, s br) , 4.02-3.87 (1H, 
m), 3.85 (3H, s), 3.75-3.60 (1H, m) , 2.90-2.40 <5H, m), 1.90- 
1.60 (2H, m) r 1.42 (9H, s) f : 0.90 (9H, s), 0.72 (6H, d, J-4 
10 H2), 0.10 (6H, d, J"=3 Hz)r.r",.-v;i , u- 

(y.r* ..i ^ ll. ; .r; ^r>> \*£ oA cu.: ; v,- • v.v.. '.-x'; . 
v e) > (2R> ;4S,,> 5S #: 1;!S) r5- (fc-butoxycarbonyl) amino-4-hydroxy-N- 
[1 '-isopropyl-l (4-carboraethoxyimidazol-2-yl) ]methyl-6- 
>ophenyl-2-phenylmethyl-hexanamide - 
15 r ^ Following the procedure of Example 9(d) , except using 
v., c^the^ compound; of. Example 26(d), the title compound was 

; j^r. prepared.,; NMR (CDCI3) ; 8 7.40-6.80 (12H, ra), 4.90 (1H, d, J=5 

. . Hz) ,f- : 4 .50. .(1H,>. br, s) , - -3*90\.(3H,v s}, 3.80-3.60. (2H,m), 2.95- 
, - 2 .68, (5H, m) , 2.45-2.30 (1H, m), 1,. 80-1. 60 (2H, m), 1.40 (9H, 
^ C20 ( s),>;0.72 (6H, d, ,J=4^Hz); MS m/e 593^2 [M+HJ+, 537.2, 519.2, 
. ji-;) ^^493.2, 475. 2;^;; ^- . 

Example 37- ..\, 

25 nPreparaHrm of f2R.4S.5S.-l 'SV-5- f fr-hnt»nxvcarhonyl 1 ainlno-4- 
hydro*y-N~ M '-isopronvl-1 f 4 -methyl carbonylinH darol >^ 

•.-.si yl) lfflfttlhy3-6-phftnyl-2-p^ 

; ">rv ..-*> ;-..q ^'«;^ ^' : 0 :/iu:f:ti-;K -I'x .-v I.'.". . iv.- ; 
, V :-r it a)> (IS) -1-carbobenzyloxyamioo-rlr-isopropyl-l- (4- 
t :30. /i hydroxymethylimidazol-2ryl) methane.. - 5 ;.o .. » 0 

» iv :;i -iu l.a The i. compound of Example. 26(b) (0.314-.g/ 1.0 eq) was 

i : j b : stirred in anhydrous .toluene at ; : -7 8°C Sunder an argon 
- atmosphere. : Diisobutylaluminum hydride o(3.8imL; . 1.0M in 

07 b:-* . -Mfhexanes, . 4 >r 0 jeq) . was .added euad , the solution stirred at -78°C 
Cc35 y for >1; h; The j react ionuwas quenched with ; methanol n (0.2 mL, 1.0 
.Ji.;?- 0. eq). : The solution was ^ then diluted with Rochelles salt 
solution f(satv); ^ and stirred, 'for:: 1 h. ( The: ^solution was 
extracted with dichloromethane twice and the combined organic 
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'extracts were washed * successive 
°- ; : Rbchellfcs salt and 'bririe'i c The iDrgfanie layer "was i: dried over 

magnesium sulfate,* * filtered, and evapbrate r d ' l ^fco giv6 the title 
i J compound -as a r white solid:^(0:27: g/f 94%)tj^^Ji^(CDCl3) 8 7.25 
5 ^<5H, ;s)/ 6.69 (lH/s), ttl* (lH/ rr d)^ 03/ **(^H> or dd)V 4.52 (2H, 
b [ W, 4.37 (1H, t)7 2.19* (l£ r W; Ift^^ d) ; MS 

' V '<We 304.0 ; [M4fll+. ^ /" * > /' ■^■'\-; [vR [ ' 

> . b) (IS) -l-caiiobenzylbxyamino-l-lsbprbpyl-l-^ (4- 3iv . i 
10 formylimidazol-2-yl) methane v U •>;■ <b ,JS'^. Oil. 0 ora o.i 
The compound of Example 27(a) (0.11 g,li0eq) was 
stirred in anhydrous • dichloromethahe at : room temperature 
Tinder an inert argon* atmosphere;-' MMgahese* dioxide! (0.126 
g, 4.0 eq) was added a^d* the: mixture was stirred > at? room 
15 r temperature overnight. After *16/hv and? additional 2.0 eq of 
manganese dioxide was added. -The -•fSa^i&n^\Mi5^ : cox^lete:.by 

- TLC after 2 h. The mixture was ( fiitered-throixgh^a T of , 

1 Celite® and the filter cake was washed witli-Aiic^orbmethane. 
^- i The organic solvent was removed in -vacuo (to .give- the title 
20 compound as a white solid (0.075 lg T ,69%)f2) NMR(CDCl3) 5.9.57 
(lH,s), 7.54 (1H, s), 7.12 (5H, s) , 6.A3^im ^,-^96 <2H / 
dd), 4.43 (1H, t), 2.08 (1H , m) , 0.91 (3H, d) , 0.62 (3H, t) ; 
MS m/e 302.0 [M+H] + . 

v 

25 - c) i ;.. (IS, l f KS) -1-carbob^zyloxyamirio^ (4- (1 

hydroxyethyl)imidazbl-2-yiymetha^^ 

The compound of -Example 27(b) \'i^lO-.i^g^li0^e^J--ms 
stirred in a 3:1 ether/THF mixture at 0°C under an argon 
atmosphere . .Methyl magnesium bromide (0 . 47 /mLV' -3 . 0M in THF, 

30 4 . 0 eq) was added and: allowed to stir ;at 0°C for ^1; 5 h . - The 
solution was diluted witli 5% aqueous ECl&anfcMfe tias^ with 
solid sodium carbonate. The solution v wzls- extracted <with 

' ethyl acetate three, times and* the comi^ 

. *■ 

- were dried over sodium carbonate, filtered,* emd ; evaporated to 
35 a white solid (0.1 g,: 95%) . : NMR(CDCl3) 6: 7.19 : (5H/s) , 6,59 

• --'r.(iH r s), 6.42 (1H, d) , 4.92 (2H, dd) , : 4,73 (1HV m)>? 2.09 <1H, 
. m), 1.37 (3H, d), 0.82 (3H f d) / 0.66 (3H, d) . c;k Ic-:. 
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d) .(IS^.l'RSJ-l-amlno-l-isopr pyl-l-(4-(l'- 
: , sr. .. hydroxyethyl) imidazol-2-yl) methane . 
"*,vv.j- ■ .-;r^ -DriThe/icpnpound- of Example 27(c) (0.1 g, 1.0 eq) was 

, ;j stirred in r anhydrous methanol with 10% Pd on activated carbon 
5 (0 .020 g)>. : _ Hydrogen gas .was bubbled through the solution via 
. ..or. ballopn ...,£ or jl ,h : aiid}the reaction was maintained under a 
; a . hydrogen ^atmosphere for 3 h.- The mixture was filtered 

: ' i - through a padcof ..Celite® and the, filter cake washed with 
: ^ methanol. .The methanol was evaporated to;give;the titlfe 
^r lOr-^conpoimdtaS/ia white splid (0.05 g, 87%) . 1^(CDC13) 8 ( 6.63 

(1H, s), ;4.72 (1H, dd) , 3.61(1H, d), 1.92 (1H, m) , 1.49 (3H, 
d), 0.84* (3H, d) , 0.67: (3H/ d) .1 o- ;v 

v- e) (2R> 4S, 5S, 1 'S, 1 ' f RS) -5- ( t-butoxycarbonyl) amino-4-t- 
15 butyldimethylsiloxy-N- [1 '-isopropyl-l 1 - (4- (l 1 : • -hydroxyethyl) - 
imidazol-2-yl) ] methyl- 6-phenyl-2-phenylme thy 1-hexanamide 

To a solution of (2R, 4S,5S) -5- (t-butoxycarbonyl) amino-4- 
> : t-butyldimethylsiloxy-6-phenyl--2-phenylmethylhexanoic acid 
\oi (0 > 131: g; fl . 0 eq)A in anhydrous d i me t hy If ormamide , ~. the 
20 compound of Example 27(d) (50 mg, 1.1 eq) / BOP reagent 
< (Ovll g, : 1.0 eq) and triethylamine (0.04 mL, 1.0 eq) were 
ac added. 're The - solution: was stirred at room temperature for 

16 h.;; The solution was diluted with water and extracted three 
^imesi with dichloromethane.uThe combined organic extracts 
i 25 were washed with water, then brine. The solution was dried 
j< over • magnesium' sulfate/ filtered, and evaporated to give a 
U - white *foam ^ The foam was chromatographed (silica; 4% 
I :v methanol/dichloromethane) to afford the title compound as a 
white, foam (0;ll ? g, ;65%). NMRXCDCI3) S 7.31-6.54 (12H, m), 

j 30 i 4 .72 (1H/ d), 4 .48 (2H, d) , 3.82 (1H, q) , 3 . 61 ( 1H, m) , 2 . 81- 
..f , - 2.3;(6H # m)v^i;65 v(3H/ m) r 1.48;(3H f d) # 1.22 (9H; s), 0.89 
.0 , (9H,; s)> 0.70 (3H/ d)/ 0.61\(3H, d) , 0.06 (6H, s); MS m/e 
693\4 [M+HJ+.- Mj . : : -\: 
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f) (2R,4S,5S, l'S)-5-(t-butbxycai*bnyl)andh6-4-t- ? 
butyldimethylsilox^N- [1 '-isbprd^ 
imidazol-2-yl) ] methyl-6^phenyl-2-pte^ 

• The compouhd-df Example' 27(e)*(45 ^mg^lvO^eqF was 
S .stirred' in dry dichldromettiane underlain ..inert ! arg6h 

- atmosphere. Manganese dioxide ;j(23-« mg, -4;0^q)?^was*%dded and 
the mixture was stirred at room temperature: for vl6'h. An 
^additional 2.0 eq of manganese dioxide was^ added and the 
reaction was complete by TLC after ='.2 : . 5 h\ .The mixture was 
10 filtered through a pad of Celite® and the filter 'cake was 
washed with dichloromethane. The organic solvent/was 
evaporated to give the title compound as'-a white solid 
(0.038 g, 85%). NMR(CDCl3) 5 7.49-6.76 (11H, m) , 6.30 (1H, 
br d), 4.71 (2H, m), 3.86 (1H, q) / 3 .61. • (1H, dd) , 2 . 77-2 . 41 
IS (5H, m), 2.31 (3H;; s), 1.58 (2H, m)v L20 <:<9H, :s)>a0.83: <9H, 
s), 0.69 (6H, dd)f 0.04 :(6H,d) ; v *B;W*i91^t»ffl] + -. 

g) (2R,4S,5S, l f S) -5- (t-butoxycarbohyl)amino-^^^ 
isopropyl-1 9 - (4^ethylcarbonylimidazol-2-yl) 1 methyl- 6-phenyl- 

20 * 2-phenylmethyl— hexanamide' "i -"3"' : I<r : ^ ;:^ .;oq^^ > -i - 
The compound of Example 27 (f ) (38 mg,C .1.0 eq) was 
. stirred in anhydrous THE under an argon atmosphere at room 
temperature. Tetrabutyl ammonium fluoride (0;. 33 mL, 1.0M in 
.THF, 6.0 eq) was added and the solution stirred : for j 16 h. 
25 The solution was diluted with water and extracted three times 
with dichloromethane. The combined, organic -extracts were 
washed with water and evaporated,- to a^white?. solid* The solid 
was covered with diethyl ether, decantedctwicje/: -and dried to 
'give the title confound as a white /solid) (25cmg^79%) . 
30 NMR(CDCl3) 8 7.14 <5H, m) / 6.86 (5H* m) , % 5.14;<(1H, d) , 4.42 
(1H, d), 3:58 (lH,:q), .3.45 :(1H, d) ; ^86-2,50 ;(5H r m) f 1.91 
(1H, m), 1.63 (2H # m); 1.26. (9H, s) L(rotamer . observed), 0.70 
(3H, d), 0.57 (3H, d) ; MS m/e 577.2 ' Vt!&^ 
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. (b . IK: [), ',:. '} W :> , Example 2» 

Prgpai-'afr-tnn of f2R. 4S.SS. 1 'fit -5- r^-bn^QyygflybQnyl> amino-4- 
. hvdroxv-N- fl '-isoproovr-l f 4-ifiopropYlcarbonylimlda201-2- 

r.-i *. :.t a ) \ t ( IS ,< 1 * RS ) Tl-carbobenzylo^amino-1— isoprdpyl-1- (4- (1 
V ; ulV: -h: hydroxyr2 * rmethyl) propylimidazol-2-yl) methane . 
:j1 i 3.I. . ^7 Foilowing^tAe ,27. (c) , except using 

. (£10 \isopropyl* magnesium bromide (1.024 mL,; 2. 0M solution, 4.0 eq) 
< 1 - G [ in place 'of methyl 'magnesium' bromide, to yield 1 ' a "crude 
• % v product v v The crude ^product was chromatographed (silica, 4% 

, ; methanol/dichloromethane) to yield the title compound as a 
white solid (0.155, g /c: 88%)>NMR(CDCl3) 5 7.19 (5H, m), 6.58 
15 (1H, s), 4.91 (2H, m), 4.38 (1H, q), 4.20 (1H, dd) , 2.11 (1H, 
» !} ^ m>,,.1.83 (1H, m),r0.72;(12H, m) ; MS m/e 346.2 [M+H]+; 328.2, 
i- 279.0 , Y 254.0,-2Q5.0, :177^0, 149.0,, 118.0. -o: ; 

^ : b) , (1S,1^^ 

b 20 >qs methyl )propylimidazol-2-yl) methane' ■ . 

1 . r o (r VJ Vi Following*^ the procedure of Example 27(d) / using the 
\i' O ' ' compound lofv Example 31 (a) , Cthe title compound was prepared as 
: ai^white foamj(96 mg , £00%). NMR(CDCl3) 8 r6. 65 (1H, s), 

4.21x(lH,'rd)„ 1^3.90 (1H, s), 2.22 (1H, m), 1.94 (1H, m), 0.93 
o\ 25 \) (6H, m) ; 0:64 (6H, m); MS m/e 302.0 [M+H] + ; >r /v 

c) (2R, 43,55,1' S,l ,f RS) -5- (t-butoxycarbonyl)amdLno-4-t- 
butyldimethylsiloxy-N- [ 1* -isopropyl-l • - ( 4- ( 1 • • -hydroxy-2 • 1 - 
methyl) propylimiidazol-2-yl) 1 methyl- 6-phenyl-2-phenylmethyl- 

~30 -n.h^xMandde-/:^ <- • * ' 0 — - 

- V ^ Following the procedure of Example 27 (e) , except using 
the compotindi'of; Example 31 (b) v(96 'nag/ 1.1 eq) V ^substituting 
dimethyl f ormamide as the solvent instead of dichloromethane , 
C and purifying -thel product- by chromatography/ the title 
35 compound was prepared ,(168 g/;-57%).. / '':MMR(CDCl3)''--5L7.22--.jS-.81' 

r(llH, m)'p 6.62 ^(lH,trd)y 4.71 (1H, dd), 4.53 (1H, t) , 4;19 
r . ?:i.ui.(lH # . d), /-3.82 (1H, q),^3.58 (1H, dd), 2.71-2.30 (5H, m)", 2.03 
^ qi(lH,im),-;l;70 (1H> m),v: 1.57 <1H, m), 1.14 (9H, s), 0.91 (3H, 



WO 93/02057 



PCT/US92/06047 



- 70 - 

d), 0.88 (9H, s) r 0.78 (3H, d), 0.67 (3H, d) , 0.59 (3H, d), 
0.03 6H, d); MS m/e 721.4 (M+H] + . 

d) (2R, 4S, 5S, 1 * S) -5- ( t-butoxycarbbhyl) am^o-^-t-butyl- 
5 dimethylsnoxy-lMl'-isbprbpy^ 

imidazol-2-yl) ] methyl-6-phenyl-2-phenyimethyl-hexanamide 
) -•■ Following the . procedure of Exan^le:f27 (f )./VJexcept using 
the compound of 31(c)/ (i68;mg;: : 1.0: feq)^ ^ and^ , chrornatbg^aphing 
t:he crude product (siiica/ji3%5 mejUiahoi/d^ the 
10 title confound, was prepared 1 : as: a /whiter soiid',f (132 ing, 79%) . 
. NMR(CDC1 3 ) ;8 7.20-6.76 : (11H, mU ;s 5i05 \(lH/ 0 br^in) , 3.88 (1H, 
... q), 3.61 , m), 3.19 (1H, m), 2.80-2.46 ,(5H, m)>7l2. 22 (lH, m), 
: 2.07(1H, m ),. 1.63 (1H,. m)> 1.15 (16H^m)?\ 0*891 (9H, s), 
7 - 0.74 (6H, m), 0.08 (6H, d) ; ; MS m/e 719T4 ? [M+H]+*~ 

.15. : ' .- : • ,»'^> -' S. • ! : . 

e) : (2R,4S, 5S, l'S)-5- (t-butoxycarbonyl) aminb-4-hydrbxy-N- [1'- 
isopropyl-1 • - (4-isopropylcarbdnyliihida2bl-2-yl) 9 methyl-6- 
phenyl-2-phenylmethyl-hexanamide 

Following the procedure of Example 27 (g) , "except using 
20 the compound of Example 31(d) "(132 mg)V ;the: : titie -compound 
li . . was prepared as a white foam (90 -mg/;-j81%) . ; ,.-NMR(aDCl3) 8 7.48 
> (lH,s)> 7.11 (5H,m), =6.-82.:(SB/.-^^Sw29^(lH^jd).,.r4.46 (lH, 

m ), 3.54 (1H, q), 3.48 (1H; m) , 3 . 14 G (1H, "m) , 2 . 74-2 . 44 (5H, 
> < m), 1. 90 (1H, m)y 1.61 (2H/. m) ;. 1.28 . (9H,i is) ,}i (rotamers 
25 observed), 1.13 (6H, ra), 0.69 (3H, d)> 0.48 (3H, ,d) ; MS m/e 



605.2 [M+H] + . 



...... .-. •:. •• : - J v. "V :'.o.AbXr::^tv<:ro v '-v!?lY^ • 

30 Pr-Apat- aM on o-F f 9B . 4S . Bfi . V Si -5- f fr-hirtnxvcarhon vl Vamino-4- 

. yl 1 lmft^hy1-fi-ph^nyl-g-phf>Tiylm ^hy1-hftyanaTnide.rr.i .,» 

-i .. . .. V ;• . ;■ ..•»' ';..„ ■ i-J 2& . ;x'.rrH;m:i ' l J -"-fclii'-i" 

a) (lS / l , RS)-l-c»rbobenzyloxyamino-l-isoprbpyl-l-(4-(l , - 
35 hydroxy) benzyiinddazoi-2-yl)methMe-^ ^ ( •"• ^ joq; /;:: '• :r. 
Following the procedure' of Example. ."27 (c)(/t: except 
., substituting phenylmagnesium bromide (0.45 toL;\ 3 :0M 'solution, 
• 4.0 eq), for methyl magnesium bromide;!: and.' chromatographing 
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r : 75. the v crude. product (silica, . 3% methanol/dichlorqmethane) the 
nr.. (q -0 ■title cb^ound t wass; prepared as a white solid (175 mg« 96%). 

NMR(CDCl3) 5 7.26 (lH f d) , 7.11 (10H, m) , 6.39 <1H, dd) , 6.08 

,.. ..j (lH^d),;^ 2.01 (1H, 

5 :l m),. 0.76 (3H, m) ,, 0.59 (3H, d) , ; ,, , :K 

• . ( t * : --ivy i—:lt;J: ' ':-.f.Uj"w v.c h<-'iK'\-yj. hi 
(v ; b) (IS, 1 ?RS) -1-amino-l-isopropyl-l- (4- (1| -hydroxy) benzyl- 

ni l ; 1 <v ; i^da2olr2-yl) methane ^\ v ; -* v 

' G-_o Following the procedure > of Example 27(d),> except using 

10 the compound of Example 29(a) (98 mg) the title compound was 

prepared as a tacky white foam (65 mg, 98%) . 

c) (2R, 4S, 5S, 1 r S, 1 1 f RS) -5- < t-butoxycarbonyl) amino-4-t- 
: *jbutyldimethylsiloxy-N- [1 '-isopropyl-l (4- (1 • 

. hydroxy ).benzylimidazol-2-yl) ] methyl- 6-phenyl-2-phenylmethyl- 
hexanOTiide ^. ^, . t v ..;.uv ■f\..:^ /.:v/:-.>'.-/ :\>. ..v.v ^■'■ : -...:^.v t W 

Following the procedure of Example 27 (e) , except using 
- the confound : of .Example 29 (b) (0 . 065 g, 1.1 eq) , and 
chromatographing the crude product (2% methanol/ > 
iji ^O.r „.c^,ciloromethane) f :;the title ^conjpound was prepared as a white 
bf uo ^^S^ ^ 55%) . ; .NMRjCDCl^) 8 7 .48-6.79 (16H, m) f 4.77 
d- ;■" #l :(lH;im);S3.88 (lHyrm), 3.61 (1H, m) , 2.65 (4H, m) , 2.39 (1H, 
^I?i>-. :;-m): # -'2.15,r(lH f . <m)> rlv94 ,(1h) m), 1.75 ,(1H, m) , 1.56 (1H, a), 
1.21 (9H, s) (rotamers observed), 0.86 (9H, s), 0.68 (6H, 
25 dd)., 0.07 (6H, s) ; MS m/e 755.4 [M+H] + . 

vi; d) * A (2R, 4S, 5S,,1 f S) -5- (t-butoxycarbonyl) amino-4-t-butyl- 
> dimethylsiloxy-N-ilJ-isopropyl-l , -(4rphenylcarbonylind 
27yl) ] methyl- 6-phenyi-r2-phenylmethyl-hexanamide 

OR30iqi;.-jcgj Following the.; procedure Example 27 (f) , except ntising the 
irtt (r compound: of j Example! 29 (cK (109 mg,^ 1.0 eq), the title 
S' 1 compound i was (prepared *as) a: white: solid (80 mg, 74%). 
: l A N^(OTC^ m) , 3.88 (1H, q) , 3.63 (1H, t) , 

ob. 2.87-2. 49 : (6H,;.m),. 2.11. (2H^ : ip) , r l. t 64 (1H, m) , 1 V 11;>(9H/ s),"V 
{?r 35 ^0.82/ (9H,,s) , ;0.71: (6H, dd)> 0.06, (6H, ; d)>\ MS m/e 753.4 c 
0.:. / i 'iM+H-] + . '[ :& .HE 
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e) (2R / 4S/5S / l , iS)-5-(t-buto^ : carb<3n^ 

isdpfopyl-1 * - (4Hphenylcarbonylimlda'zdl^^^^^ 6-phenyl- 

' 2-phenylmethyi^^aMde (fWU™ 

lu . :; Following the' procedure of* Example ~27'(g) l ;P except using 
5 the compound of Example' 29(d) ^80 r mg> m l.^eq)V^!the {j t:itie . 
compound was prepared as a white solid (45 mg , 74%) . 
NMR(CDCl3) 8 7 .84-6. 77 t(16H f : m)' r 4 : 48 - (llf^d) , « 3;59¥(1H, m) , 
3 .42 (1H, m), 2.80-2.54 (5H, ra) '< , ; i;99 ' tiH> mj V 1 ? ;63~ (2H, m) , 
1.26 (9H, sj (rbtamers 'observed) , 0i^3>'(3H^a)'; 0.59 (3H, d) ; 
10' MS m/e 639.2 [M+H]+. " « •' ? * * " ! ' '" I btrn.-^ •> 0 

Example 30 

. .. • :c.7' 1 • (o 

P^pai-al-inn of f 9R. 4fi. fig. 1 'SV-S^ t f-hiifowrarbonvl Vanrt no-4- 
15 ,■: hyrirora-W- H «-i fionr opyl -1 «- f 4-Fnrmvl itH day.ol-2-vl ) liWftthvl-6- 

.>..-< . '' '..5 ^itjfii-^c^q' :\'it:i' •.: .i.J.v5'\' ' v 

a) (lS,l'RS)-l-amino-l-i'sbprbpyl^^^ 

imidazol-2-yl) methane. r*<"~ : .;*o^to ; 

! 20 r Following the procedure of Example' :■ 2i (&)'■+■' e&efc vsing 

the compound of Example '27 (a) (90 mg) , the titled compound 
was prepared (50 mg, 100%) . NMR(CDCl3) 5' 6.85(;(iH;fs) , 4.62 
(2H, s), 3.85 (1H, d, J-4 Hz), ^20-2.05;"(lH, m)> 0J;88. (6H, 
• } --' ! > d/ J=5 Hz) . ' ■■''• : ' - v *«>. ;ii?r l::U 

25 . . sNa '.a-i .{3 ;;nr;> : .'.V(J ; .a-. ,. = &^ 

b) (2R,4S,5S r l , S)-5-(t-butoxycarbonyl)amino-4-t-. 
butyldimethylsiloxy-N- [1 , -isoprbpyl-I ?.-(4'^ (hydroxy) methyl- 

; inddaz'ol-2-yl) ]methyl-6-phenyl-2-pheriy 

Following the procedure: of Example 5 -27. (e) >n except using 
30 s the compound of Example' 30 (a) -(50! ; iag)^' a ; ;Vaha> chroniatographing 
the crude product- (silica/ 2% methajioiydicMoromethane) the 
title compound was prepared (130':>ing>;y65%);iy-';NMR'(CDCi3) 8 

.' ; 7. 30-6 .'95 (11H, m), 4.82 (iH/'dj? '4.56-4. 60 ( (iH; o m)^-4.40 
- '(1H, d) , 3.90-4.00 (1H, m), 3 .*60-3 . 68" "(lHj } mj; 2:45-2.80 (5H, 
35 m), 2.20-2.30- (IH/'m)', i.75-1.85 ■ ft) ,'A'l. 70^(111/ a) , ' ' 
1.30 (9H, s), 0.95 (9H, s) , 0.75 (3H, d) , ' 0 . 62 /(3H> :J d) , 0.05 
(6H, d) . 
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c) (2R, AS, 5S , 1 * S) p-J>- \( t-butoxycarbonyl) amino-4-t- 
' butyldijaethylsiloxy-N-Il'-isopropyl-l*- (4-formylimidazoi-2- 
.-. ' yl) ]methyl-6-phenyl-2-phenylmethyl-hexanamide 
t;.r '':>.'■ ;i '.:> .Fqllow^^ , except using 

5 the compound, of Example ; 30 (b) ;. (50 mg), the title compound was 

prepared (20 mg, 40%). NMR(CDCl3) 8 9.80(0.5H, s), 9.64 
, {: ; (0.5H r> 3);, 7.50-6.90 (11H, :m) , 6.52-6.42 . (1H, n) , 4.88-4.70 
. (2H,;s 10) ^ ,4.42-4. 32 . (1H, m) 4.02-3. 93 I UH, m) ,-3.78-3.71 (1H, 
m) , K 2..9p-2.40; V (5H f : _2.30r2.19 (1H, m), 1.87-1.62 (2H, m), 
0*10 .,1.45, (9^., s)> ,0.95 . (9H, : s) ,;. 0^,87-0.72,. (6H, m) .0.05 (6H, m) 
. (rotamers) . 

J.. d) (2R / 4S / 5S,l , S)-5r(trbutoxycarb9nyl)amino-4-hydroxy-N-[l , - 
i,i .,:■ '■:) isopropyl-l • - (4-f ormylimidazol-2-yl) ] methyl-6-phenyl-2- 
15 phenylmethyl-hexanami de Of...<:-0;. .< y 

. Following the procedure of Example 27(g), except using 

L\ , the icompound. of Example 30(c) (20 mg)>, the title compound was 
^prepared. ,,(12, -mg, • 71%) . NMR(CD30D) 5 9.60; (1H, s) f 7.65 (1H, 
s), '7.20-6.90 (10H,m); 4.52 (1H, d), 3:60 (lH,m), 3.45 (1H, 
...» 20: ;d),>2. 80-2.45 (5H, m) , ; 2;00-1.88 (1H, m) ,1.75-1.65 (1H, m) , 
v I ., (ffl . 62 T 1 .45S (1H, fm) , 1.27 , (9H, : s) , 0.82: (3H; ; d) , . 0 . 62 (3H, d) ; 
•j . .:MS"m/e ,563.4 , 242.2, 204.8: ; o.: :; v 

. ,Examplfi_3JL 

25 ' " : 

• Prenarat j on of f 2R . 4S. 5S. 1 ' fil -5- 1 f-hm-nvyoar-Vionyl 1 am< 
J.C :h'hvdroxv-W-ri '-isopropvl-1 l-tm<ri*»ft1-7- 
.. vl ) 1 mftfchvl-6-phenvl-2-phenvlmefchYl-hft**Ti*nH Ha 

a ; 30r :X (o) .''Following the procedure . of Example 27 (g) , except using 
' the compound of Example 30 (b) J (40 mg) i\ the- title -compound was 
prepared: (20 mg) . v. NMR (CD3OD) 8 7.27-6.92 (10H,; s) , 6.72 (1H, 

:s^t;-irs)-^?4 < 1.52'. : (lH,>d)y..J-.364-3.-60( 1H, m) , 3.48( 1H, d) , 2.82-2.50 
(5H, m), 2.03-1.92 (1H, m), 1.78-1.67 (1H, m) , 1.63-1.49 (1H, 
35.:-..m) ! >;,1.28 \(9H,- s) ,. 0.80 (3H* d) , . 0.65 (3H, \d) ; MS m/e 565.4 . 
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.(.i u • ■■■■-.t.-' T!CTfflpl^:32:' I »&j ^ »^ j 

• Following the procedures' !of- Example 14. (a) -l4;(c), 
'- 7 except using 4-hydxoxytetrahydrothiop^ place of 2- 

benzyloxyetAanoiV the' t^ 
lb Analytical data for the' s intermediates'} of rthis^ synthesis < were: 

.• ■ ,.'.:■„: . . ... ^-i^ri0y}.} 

a) (tetrahydrothiopyran-4-yl)-(4-nitro)phenylcarbonate. 

!- NMR(CDC1 3 ) 5 8;26 (lH^s) >i 8;22, (iH^s) ,.27,38, (1H, -is) , 7.33 
(1H, s), 4.79 (1H, m) , , 2.90-2v75^ (2H,; m); ; 2. 70-2.52 (2H, m) , 
15 2.31-2.16 (2H, m) , 2.10-1.90 -(2Hp-m) i-^ Vii- i v;u :,!•:; £ 
' .. ; ..." •: i<. '..v^O'cfl rv,' ? t.':u.-.!3J'Ic"; 

b) {2R>4S f 5S;l , S)-5-((tetrahydrothi6pyran-4-yl)oxycarbonyl)- 
amino^-hydroxy-N-U'-iso^^^ 

phenyl^2-phenylmethyl-hexanamide .. ' TtiSR (CD3OD ) ;8 ?7 . 12-6 . 65 
20 .: (10H, m), 6.64 (2H, s) , 5^60 '! (lH>rd) ^4^36^25, Vm) / 3.58 (1H, 
, q), 3.49 (1H, d), 2.68-2.48 (6H, -m), 2. 44-2. 30c(3H, m), 1.93- 

1.74 (3H, m), 1.70-1.40 (4H, m) , 0.61v(3H, fd)> 0.50 (3H, d> . 



25 



F.vample 33 



Pr-ApaT-at-ion ft f f^.^ fi.'igri -5- rVtetrahvdrn^H-PYTanH- 
:v yl \ ovyrarh o nyl V^no-4-hwlroxv-N^n ^•i■SOTf^^-^ : ;-11nl<1ft^Ql•^2-• 

;.30 : Following the procedures of Example ; 14 (a) -14 (c) , except 

using 4-hydroxytetrahydro- ; 4H-pyran in place of -:2- jS. ;.i 
■ :■•> benzyldxyethanol, the title compound iras prep^^ 3 - i 

Analytical datk for the interraedia*eS; 1 6f "this- synthesis were: 
., . . t . • ■='•. : . y^'\^' i) : ^ , i^: .• 

35 a) (tetrahydro-4H-pyran-4-yl)-(4-nitro)phenylcarbonate... 

NMR(C33Cl3) 8 8.32 (1H, s), 8.28 (1H, s), 7.41 (1H, s) , 7.38 
(1H, s), 5.00 (1H, m), 4.05-2.90 (2H, m), 3.68-3.49 (2H, m) , 
2.17-2.00 (2H, m) f 1.95-1.75 (2H, m) . 
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. -c b) (2R r 4S f 5S / ,l , S)-5--((tetrahydr<^4H-pyran-4-yl)o 

amino-4-hydroxy-N- (1 , -isopropyl-l V-imidazol-2-yl)methyl-6- 
. i : ( ; . - pheny 1-2-phenylmethy l-hexanamide . NMR ( CD3OD ) .8 7.16-6.89 

: a- ,5-- (10H, m), 6.79 (2H, s), 4.54 (2H, m) , 3.82-3.70 (2H, m) , 
3.69-3.62. (1H/ m) r ; 3,50-3.46 (lH^ m), 3.45-3.35 (2H, m) , 
:> T ;2.79-2;.65 (4H, m) 2.64-2.45 (3H, . m) , -2.00 <1H, in) , 1.82-1.62 
(3H/ m) f !jl.55-1.45 (2H, m) r 1.37 (1H # m) # 0.79 (3H, d), 0.63 
i (3H r d) •.;•„ ; . ' , t ' ,! : * . , 

; (i:^ , Examplft 34 . . ; 

Ki Preparation -of f2R.4S. SS. 1 'S^S- f4-ptro1 iTiyloyylanHno-d- 

hvdroxv-N- fl '-isopropvl-l ' -imlriay.nl -2-yl lTn*rhyl-6-p>i<>ny1-9- 
15 phenylmethyl-heyanamide . > : ; . 

■ ? -) • - The compound of Example 1(d) was dissolved in neat TFA. 
i r ; After- 10 imin the solution was> concentrated to provide the 
. amine salt,* v(2R/4S,5S, 1 , S)-5-amino-4-hydroxy-N- (l'-isopropyl- 
20 1 1 -imidazol-2-yl) methyl-6-phenyl-2-phenylxnethyl-hexanamide 
- '.£v^ trifluoroacetate.. UThis .amine, salt (25 rog, 1 eq) was 

fi.i ;n dissolved in DMEV and [4-picolinium-(p-nitro) phenyl carbonate 
r- ri prnitrophenylate (23 iftg, l>eq) and triethylamine (0.04 mL, 5 

buc r in .eq) ivere added. ^ The mixture; was stirred under; to for 17 h. 
0 , h 25 { ?>i Water was added and: the mixture ; was extracted with 
. ; r ) < \ ; dichlqromethane % ; The ..organic extracts were . concentrated and 
the -residue to yield, the title 

# -j ; T ;H ;Compound (20; mg,, 61%) . ,l^(a>3pb) 8 8.52 (2H, d) , 7.10 (14H f 

m), 6.87 (2H, s), 5.07 (2H, dd), 4.61 (1H, d) , 3.80 (1H, id), 

30 1 3.59 (1H, m): f 2.77 C (5H, : m)> 2 .05 (1H, ;m) r 1.83 (1H, m) 1.60 

I^(lH,;m), 0.8,4.l(3H,- d),< 0..59 (3H f d) .v : :r 
MS m/e570.5::[M+H] + vL J * : i ^ - 

-J.v- ,0 oLOj:; ^- .0) b; * ^ ^ l ' ExaiPPlft 35. / \, •,. , 

, .: . :] : t Prftparaf fon'o-f f2R. 455, 5S. 1 f -5- f f!-hn1-r>xvcarhnr» yl) aminos- 
BV.v hydrovy-W-fl f -isopropvl-l '-jmida^ol^-yn tn ^hyl -fi-phenyl-2- 
- . ■ (4 ■ 4 - 4-fr.ri f liiorobut-l-vl> hfixanamidP . T 
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' a) (3R / 5S / l , S)-(l , -tH&utoxycai^nyraminb-2 
> (4,4,4-trifluorobut-l-yl)^et^^ 

: ' To a solution of lithium ( di!id6pixp^i^dej;(i.B mL of a 
s '1.5M solution,- 2.2 eq) in tetrahyaroftirah (10 mL)-)was: added 
' (5S, l'SHfl'-t-butoxycarbonylamino-i^ 

tetrahydrofuran-2-one (0.50 g>- 1.0 : eq)'Uin ahlfydrbus THF (2 
. nL) at -78°C. ■. After stirring 5'f or 15 mlb !at PTS'C/V. 

hexamethylphosphoramide (0.57 mL, 2.0 eq) was' added to the 
10 solution. The solution was stirred for several min and 
l,l,l-trifluoro-4-iodobutane (0.78 g, 2.0 eq) was added. 
. After 2 h at -78°C, the reaction mixture was quenched with a 
10% aqueous HCl and extracted >• With dichlbromethanei The 
organic extracts were combined" and evaporated to a- clear oil. 
15 The oil was chromatogxaphed (silica, r 2%. ; methanol/-^* 

dichloromethane) to give the title compound as a white foam 
(0.248 g, 37%) . NMR: (CDC13) 8 7.18 ;; (5H-^ m), 4.57 (1H; d) , 
4.41 (1H , dd), 3.95 (1H > q) ; 2.82;. (2H, Id) ; E2;551(2H , m) , 
2.49-1.49 (7H , m) , 1.32 (9H ' , s) ; MS^m/e 438 .0 (M+Na) +. 
^20 -•• .• - ; - : ■ ■•• ' ■»■■■'■■ >>-*/. 

b) (2R, 4S, 5S) -5- ( t-butoxycarbbnyl) amino-4-t-butyldimethyl- 
siloxy-6-phenyl-2-(4 / 4,4-trifluorobut-l-yl)hexanoic acid 

Following the procedure of Example v 12 (b) , except using 
the compound of Example 35(a) (245 mgjy^the-titlepcompound 
25 was prepared (215- mg> 67%); Nm(CDCl3).^8 7.18 (5H/J m) , • 4.70 
(1H, d) , 3 . 88 (1H,- q) , 3 . 69 (2H, m) , '2; 73 ^ (1H^- M) V ! 2 .38 (1H, 
ia) , 1.91 (2H, m) / 1.45 h ((5Hp m)V i.3i*(9H,*s)f ; (rotamers : 
observed), 0.90 (9H, ! s)roib8 (6H; d)T MS ; m/e548i2 -[M+H]+. 

30 c) (2R, 4S, 5S, 1 'S) -5- (t-butoxycarbonyl) anOno-4-t-butyl- " 
dimethylsiloxy-N-U'-isopropyl-l'-imJjda^ 
phenyl-2- (4, 4, 4-trif luorobut-l-yl) hSxaiiamide C V> i*i 

Folowing the procedure, of Example 1(c), except using the 
compound of Example 35(b) (100 mg) and (lS)-l-imidazol-2-yl- 

35 2-methylpropylamine, the title compound was prepared (83 mg, 
68%) . NMR(CDCl3) 5 7.22 (5H, m) , 7.03 :(lH^d), 6.89 (2H, s) , 
4.72 (lH,d), 4.51 (1H, t)V 3.91 (1H, q), 3.65 (1H, m) , 2.78 
(2H, d), 2.33 (2H, m), 1.82 (4H, m)> 1.48 (4H, m) , 1.36 (9H, 



WO 93/02057 



PCT/US92/06047 



- 77 

two singlets; rotamers present) , 0.99 (9H, s), 0.91 (3H, d) , 
0.79 (3H, d), 0.07, (GB^.;.d); MS m/e669.4 [M+H]+. 

A ir '?d) - (2R, 4S, 5S,;1 *S) -5- (tTbutoxycarbonyl) amino-4-hydroxy-N- (1 
5 : isopropyl-1 !-imidazol-2-yl) methyl- 6-pheny 1-2- (4 , 4, 4- 

v : i tr^ 

* Following the procedure of Example 9(d), except using 

. theccompound .of . Example j35> (c)y: (83) mg)-> jthe. title compound was 
j ^ :;; p^a2red^(40 mg^ 58%).. ,I^(a5^); f (5H, ja), 6,92 (2H, 

- ylO yr ^ 3.48 (1H, m), ,2.79 (2H, m) , 

c -,2,.49 (33fj:m)./t 2.13 V .(4H, m), 1.60 ; (5H, m) , 1.36 (9H, s) , 0.90 
r .; ;(3H /: d) , ■ 0.71 ; (3H, d) ; MS m/e555.2 [M+H]+. 

,,-. :;7 ,- if ;.r - - v Examplft 36. f 
■ l Mtnoq^r< Preparation of f2R r 4Sr 5Stl\S)-2-phftnylmftthyl-4-hyriroxy-f>-(f:- 

. hirtoyycarhonyl .1 amino-S-phanvl-KT- ( 1 '-iflohtittvl-l «-HmJ 

,111 ;. ":>.r. yll \ methyl -hgyanamide hydrochloride . . -ry 

J'/'; j.^-.i' *^!. : :V- ; •. ■ . -SI.'v.V . A v-'iT - J. * : . «• - -:. *:.:)A ■• --'iV: : ! x ( : •• 

20 3 .:■ a) 2- ( 1 • -carbobenzyloxyamino-1 1 -isobutyl) methyls imidazole 
, ' \y. \\ , VT^ Following; the procedure; of , Example: 1 (a) , except 

substituting Cbz-isoleucinal (1.83 g) for Cbz-valinal, the 
title compound was prepared (0.658 g, 31%). KMR(CDCl3) 8 

6.96 (2H, s),. -5.31. (IB, d), 4.48 (1H, dd) , 2.15 (1H, m) , 1.44 

25 (9H,-vs).,-j^ 
:-JLj:zSy. »(?CI^3>jJtt/e.254 .2 [M+H]t. : ; -/uy >-r:;^x;.:&j \vy> 

• b) (2R, 4S, 5S, 1 ' S) -2-phenylmethyl-4-hydroxy-5- ( t- . 
butoxycarbonyl) amino-6-rphenyl-N- (1 • -isobutyl-1 • - (imidazo-2- 
30 yl) )methyl-hexanamide hydrochloride f v — ~.y* or 

rwVSftvc Following the 7 procedure- of Example 1 (b) -1 (d) , except 
substituting ithe.- compound of Example 36(a) .for-^l'S)-!'.- 
■ u.i: m carbobenzyloxyand.no- 1 ' -isopropyl-1 • - (imidazo-2-yl) methane, 

* ii; •theititle ! vCpmpound was prepared. ;. NMR(DMSO-d6) 8 7.90 (lH,d) f 

35 7.-29^7102' (10H, m) , 6.8^. :(2H, s) , 6. 50 . (lH,d) , 4.81 : (lH,m) , 
i4-.55V:(lH/ dd)-v 3.56 (lH,m), 2.69 (5H,m), 1.80 (lH,m), 1.59 
■i u$\ f.vis (2H; m).>^1.30'i(9H,8);- 1.17 :(2H^ m) f 0.78 (3H, t), 0.63 (3H, 
... ; . : . d) ; MS ; (DCI/NH3) ; m/e 549.7 [M+H]+. . - ? • 
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r • • : Kxampl ft 37' ,'<'•'• ..;•'-•> r • ' ; 

,-, Pi-Aparafinn f9n.4S-Ss.ii 'fi^-fi- f fr-huf.oxvcarhnnvl) amlnoH- 
g h y^vy-w-n '^snp TTipyl-1 '-M-mRRl-1^hvriroxvethvl)- 
4 m < Ha *ni -?- y i 1 1 n»fti-hvl~g-phAnvi -?-ph*ii vlirierhvl -tiexanamlde 

;V _ . ; . ,; :. ■: \- Jni;;:ui;..i Vi Oifli/O.rXi;! 

< : . : The t-butyld£met±iylsilo^-prdtected>r alcohol; if rom Example 
30(e) (20 mg, 1.0 eq) stirred ^ 

•io argon atmosphere at room t6mptfrature\. ^Tetrabutyl anmibhium 
fluoride (0.33 mL of a 1.0M solution iri' THF/j^SM eq) was 
added and the solution 5 'stirred for 16 h: The- solution was 
diluted with water and extracted with dichloromethane. The 
combined organic extracts were washed with water and 
15 evaporated to a white solid. The solid was covered with 

diethyl ether and decanted twice tb .giveLtievtitle'-coinpound 
as a white solid. :(0;012;g f 12%) ; ;^imRXCDCl3)v8 7v.22-6.84 
(10H, m), 6.61 (1H, vs)) 5.42! (1H, d)V' 4.69;<(1H;' m)'{ 4.41 (1H, 
d), 3.58 (IE, m), 3.45 (1H, m) , 2.78-2.40 (5H, m) , 1.91 (1H, 

20 m), 1.59 (2H, m), 1*41- (3H, d)> 1.26 S(9H> ; s)r;(rbtamers : 

observed) 0.71 (3H, d) ; , 0.59 (3H,1 d) ; .US m/e 579.2 [M+H]+. 

: . ' : ■ ;-• •• . , U: 1: .'s.ia--'. . 

. ; • ■ :i ••• V V ; P.v»TnpVft' 3B b^q.C'j- - 

w fr^^^ nf f^.4S.ssvi'S)-5-nvi-d1iiift1:hvl-2-j ; n 

hyHrnyvfttr b nwrarhnnyl > afflJnr£4-Wrir6xv-Tfc'(l '-IsOPrOPVl-l '- 
< m< ria -ml -7-yl 1 mftlrhyl-fi^phftT iyl -.^-phenyl tnftfchyl-hexanamide 

' . ~; -? , v- t-r ~ ; :r-i ^ ! '^o^ ^.it-^l^^'^. 1 -- • .^v . 

a) 2-fc-butyldimethylsil^^ 
30 nitrophenyl) carbonate v 



•■i'l : 



y a mixture, containing > bis (4-nitrophenyl) carbonate 
(0 . 996 g, : 3 . 28 mmol) > 2-tHbutyldimethylsiloxy-l;'l^ 
dimethylethanol ( 0 . 67 g, 1 eq) ~ and v 4-dimethy laminopy ridine 
(0.4 g, l v eq) in dichloromethane (50 ; inLr was ^stirred at room 
35 temperature L for - 5 d r ( The; mixture wasTciilutedVwilji'' ' 
dichloromethane and washed successively -.with H2O and 
saturated aqueous NaCl/ .and dried over i ;Na2C03fj!* The solvent 
was removed in vacuo, aiid the residue was : pxirif ied by flash 
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p. ■■ V chromatography . (silica, 20% ethyl acetate/hexanes) to afford 
; x the x title ( Conpouhd. (35%) .,. NMR(CDCl3) 8 8.25 (2H, m) , 7.35 

; : .u ,< 2 .?' »)# 3.76 r ](2H r s), 1.53 (6H ri s), 0.94 (9H^ s) , 0.09 
(6H, s) . * 

5 ' """ "• 

b) (2R f 4S f 5S,l , S)-5-(2-t^utyldixaethylsiloxy-l,l-diinethyl- 
ethoxycarbonyl) amino-4-t-butyldimethylsiloxy-N- (1 '-isopropyl- 
. k ^"^^dazol-^-yljmethyl-e^henyl^-phe 
-'5rloiwAi/n •• ^■*? 1 H ti< ' n 'f? f : 2-t--butyldimethylsiloxy-l / l-dimethylethyl- 
t^°.u- 4-nitrpphenyl carbonate f (137. mg, . 0 . 372 mmol) , ; (2R, 4S, 5S, 1 'S) - 
5-amino-4-t-butyldimethylsiloxy-N- (1 »-isopropyl-l '-imidazol- 
,..2-yl).methyl-6-phenyl-2-phenylmethyl-hexanamide (102 mg, 0.186 
. ... , .mmol) and ; DMAP (45 mg,, 0.372 mmol) in methylene choride was 
.stirred . at. ^O 0 ^ under Ar for 24 h. The solution was washed 
- 15^ ; with aqueous Na2C03, dried over solid Na2C03 and concentrated. 
r,i. a: Fl^sh cdiroi^atography (4% methanol/dichloromethane) provided 
? ; - the intermediate (2R / 4S / 5S r l , S)-5-(2-t-butyldimethylsiloxy- 
: 1, 1-d^ethylethoxycarbonyl) amino-4-t-butyldimethylsiloxy-N- 
v , , ;i (l f -isppropyl-lJ- ( l-X2-t-butyl^et±ylsiloxy-l r 1- 
20 dimethylethoxycarbonyl).inddazol-2-yl)methyl-6-ph 

phenylmethyl-hexanamide, which was dissolved in ether, washed 
with 10% NaOH, dried over Na2C03, and concentrated to provide 
the title compound (110 mg r 78% overall)* NMR(CDCl3) 8 7.37- 
:::JX v :k v 6i.70 ^1)^ ,^3^ <lH f! jd) # ; 4.8f (1H, ;# d), 4 .55 (1H A t) , 3.96 

: : 25. ^ (lH^..q)>j,3-/69, r .(2H # . s)^. 3 .60-3. .42 (2H, m) , 2 V 94 (1H, s (br ) ) , 
, 2.85-2.44 (4H/m)/2.39 (3^ f q) # 1.90-1.60 <2H,~m>/ 1.31 (6H, 
d), 1.02-0.85 (18H, m) , 0.83 <6H, t), 0.98* (12H, m) . 

Sc ,., u • c) (2R, 4S, 5S, 1£S) -5- U# l-dimetbyl-2-hydro^etAoxy- 

30 carbonyl) amino-4-hydroxy-N- (1 • -isopropyl-1 * -imidazol-2- 
(; * a:: yi) m ® th ylr6-phenyl-2-phenylmethyl-hexanamide 
rj( ^ ^ rJ - r mixture . containing the compound, of Example 38(b) (110 
, mg) TJ and tetra-n-butylammonium fluoride (6 eq of 1M solution 
l : , : T 4 -- t in THF). under an argon atmosphere was allowed to stir at room 
35. .j temperature, overnight. . .The ^solution was diluted, with 
s qo ; dichlorometh^e i and washed with water , . and , the organic layer 
x o y concentrated. The, residue, was purified by flash 

chromatography (4% methanol/dichloromethane) to afford the 
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' title, compound' (0;*05 ? g, ; '"6'6*> !WCD'^f-CDibb)^5 7.30-6.78 
(i : 2H; ,m), 4.42 (lH^ d) ^ 3.75-^38 ^4^.^^ ^'^. SO <5H, n), 
" 2.08 (1H, m), ll70-1.56 "(2H, m> , l.W (6H, • sf, OL90-0.55 (6H, 

dd) . 

. 5 • ... . . 7.:'' "•' 

- Ex3mrile_aa • ' ' 
P ~ ra r- a iHnn ss. i »st -5- f irl^1infif.n^»fivrtrnxY^ 

A 1M solution of HC1 in ' ether 'i[ 63 mLp was added to a 
solution of the confound of Example 38(c) (35 mg7 0.064 mmol) 
in methanol (5 raL) : . The solvent was reeved'' by ^rotary 

15 evaporation at 20°C, and the solid residue was " triturated 
with ether and dried to afford the title compound as the 
hydrochloride salt (35 mg/ 95%)/. NMKCD3OD) 8 7:37-6.85 
(12H, m), 4.56 (1H, d), 3.59 (lH r ra)V 3.48-3V33 (3H, m), 
2.85-2.48 (6H, m), 2.04 (1H, septet)> #72-1.49 (2H, m), 1.22 

•0 (6H, d), 0.88 (3H, d), 0.61 *(3H/ dd) : r c ^ . iS 

• Fixamplft 40 ■ ' kU 

... . *'< •* I'- ! ■,-/(',>.•'•■;■.'* i< * ".'iff;;' ■ '7 

• ■ > .;• .2 t . -*.*.;....» : . . V.*-.' • 

c phenyl -?-T>frf> nyl Tn^hvWyanatnide : 

a) ben2yloxyethyl-(4-nitro)phenylcarbonate 

'To a solution ot 2-benzyfb^^ah6i (Z.5"g, 16.4 mmol) 

30 and bis (4-nitrophenyl)caiionate 1 eij) '^in J Jt 

dic^loromethane (200 tfi& mL, 1 eq) 

was added. The resulting mixture ^ was aiiibwed to stir at room 

1 ! temperature for 3 dV ; The' ''reaction mixture was" 'washed 

1 successively with H2O aLhd saturated' 'aquSbus NaCl and dried 

35 - over Na2S04. The solvent was removed f in ^cuo, f and the 
residue was purified by v flash ^ 20% 
ethyl acetate/hexanes) to afford the tiitle compound (4 .38 g, 
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iU lr: ; 84%r/^NMR(CDCl3) 5 8.26 (2H, m) , 7.34 (7H f m); 4.62 (2H r a), 
4.49(2H, t), 3.70 (2H, t) I ' : ^ > 

- - (2R, 4S, 5S : , 1 1 S) -5- (2-benzyloxyethoxycarbonyl) amino-4- t- 
5 butyldimethylsilbxy-N- [1 1 -isopropyl-1 ' - (N 1 - (2- 

: benzyloxyethoxy) carbonyl) imidazol-2-yl] methyl- 6-pheny 1-2- 
' T " r pheriylmethyl-^ : ' 

^ { l Toa 

'butyldimethyl^ 
10 ! 6-phenyl-V^ in 
L fo ^dichloromethane (40 mL) under an argon atmosphere, 
b 'benzyloxyethyl 4-nitrophenyl carbonate 1 (160 mg, 2 eq) and 4- 
* diinethylaminopyridine (60 mg, 2 eq) were added. The 
resulting mixture was allowed to stir at room tenqperature 
15 overnight 1 ;* and ' was diluted with dichloromethane ♦ The organic 
extract 'was washed* successively with aqueous Na2C03, H20/ 
y * J aqueous r Na2C03 and H26V and dried over Na2C03. The solvent 
was removed' in vacuo, and the residue was purified by flash 
chromatography (silica, 4% methanol/dichloromethane) to 
20 afford the title ! compound (180 mg, 82%). NMR(CDCl3) 5 7.45- 

6.80 (22H, m), 6.62 (1H, d), 5.60 (1H, t) , 5.06 (1H, d) , 4.60 
' (2H^~s)>^ m), 4^31 (IH/ m)/ 4.07 (2H, 

' ''-^ } ; : ''3^^ : ^^ *t) r ' 3 '. (56 • (1H^ q) f 3.57 (1H/ q) , 2.85 (1H, m) , 

^2^77-2^41^(4^ ^)^ '2^09 i: (lE/ : ^^90-' : (l^^^ , ' i.73" (1H, m) , 
25 0.95 (9H, s), 0.81 (6H, dd), 0.11 (6H, d) . 

c) (2R, 4S, 5S, 1 • S) -5- (2-hydroxyethoxycarbonyl) amino-4- t-butyl- 

....... ~ .»„......■«■....... .f^. . . .... r .- ... ■ . , 

** dimethylsiloxy-N- [1 r -isopropyl-l (N , -2-benzyloxyethoxy- 

iJ 1 Ji * * carbonyl ^) intidazol-2-yi] methyl- 6-pheny 1-2-phenylmethyl- 
J 30^ l^xanamid^^ ' ' \ r - * 

The compouncfof Example 40(b) (68 mg, 0.44 mmol) was 
* 'stirred 'as a'' solution in methanol (50 xnL) " with Pd(0) (10 mg) 
under' 1 i f atm °hydb:ogen for 12 h. ' The mixture ' was' filtered, the 
solvent was removed in vacuo, «and the residue was purified by 
» ci 35 i Yf iash c&omatbgrapliy :: (siiicaV 4 % methanol /dichloromethane) to 
rx'Jy*- afford the f title -confound (44 11^,-^74%) • « 1IMR(CDC13) 8 7.36- 

. e V: X 6^72 : {i2H^^,°5y03 K (^ V.80 (lH f ddjV'4 .50-r4^32 (2H, 
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. m), 4.07-3.52 (5H, m) , 2.96-2.32 , (6H r ;:m) ; / jJLv98-l;85 (2H, m), 
0.95 (9H, s), 0.90-0.75 (6H f dd) , 0.05 . (6E t: di r ^ ^ 

. - d) (2R,4S / 5S r l*S)-5-(2-hydroxyethp^car^n^l)am^o^ 
5 N-(l'-isopropyl-l\-iMd^ol-2-yl)m^^ 

phenylmethyl-h exanam ide : ■ : -, - j -. n j- : xo:-i-y^'iiv x-; : ■ j 

To a solution of the compound of .of Exanpie 40(c) 

in methanol, excess acpeous^ 

The resulting solution was. stirred ..ait .room te^^rature 
10 > overnight, and concentrated: under, reduced; pressure^ 

residue, was diluted with H2O, and made^basic^ vd.th aqueous 
Na^COg. The mixture was extracted with dichldromethane, and • 
the combined organic extracts were dried oyer Na2Cp3. The 
.-. . solvent was removed in vacuo, and the f residue^ was^ purified by 
IS flash chromatography to af f ord. the .title . co^ound. ^ \, f 

NMR(O)30D) 8 7.28-6.85 (12H,~m), 4.55 C 1H, -M) ^'3.95. (1H, m) , 
,3.73-3.40 (4H, m),, 2.86-2.47 (5H, ; m)., 1.99^;(1H # m)^1.71 (1H, 
m), 1.22 (1H, m), 0.84 ,(3H,. .$.62,. GR^d).^ 

20 , j. • • : F.XaiTlplft 41.-,. ■ . v tj C 

a) 2-t-butyldimethylsiloxy-l-methylethyl- (4-nitrophenyl) - 

.... carbonate . ....... .•. - i:- j . ii,>i^.'.^ ' 

A mixture containing bis (4-nitrophenyl) carbonate 
" (3.20 g, 10.5 mmol) , - 2-t-butyldim^ 

30 (2.0 g, 10.5 mmol) and 4-dimetiiylamin<^yridi^Le Jl^O, g, 0J l 0.5 
mmol) in dichloromethane (200 mL) ,,was stirred r at room 
temperature for 5 d. The mixture , was then diiuted with 
dichloromethane and; washed successively with H2O and. 
saturated aqueous NaCl and, dried oyer ;^Na2Cp3.. : The solvent 
35 was. removed in vacuo, and the residue r was purified by flash 
chromatography (silica, 10% ethyl., acetate/hexane) -to, afford ' 
the title compound (88%). , NMR(CDCl3). 8 8.28 ,(2H, m) , 7.39 
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h.v (2H, m), -4.98 ... (1H, m) , 3.75. <2H, d),. 1.38 (3H, s), 0.92 <9H, 

<^ V -J r!s)> 0.11a:.(6H;ys) .* V.:;i.V,-., f-.; .\;. ; . ;> .;. 

ob) (2R, 4S, 5S , 1 1 S) -5- (2^t-butyldimethylsiloxy-l-methyl- 
5 ethoxycarbonyl) amino-4-t-butyldimethylsiloxy-N- (1 '-isopropyl- 
1 , -imidazol-2-yl) methyl- 6-phenyl-2-phenylraethyl-hexanamide 
• °r) ^ following- the. procedure of Example 38(b) , except 
substituting the compound of Example 1 4 (a) for 2-t- 
& L) butyldimethylsilbxy-l» lr;dimethylethyl-4-nitropbenyl 
S .10 - - carbonate, ; the . title compound was prepared. NMR(CDCl3) 8 

: :;Wr. - 7.40-tT.OO (10H f m) , 6.90 (1/2H, s), 6.72 (1/2H, , s) , 6.45 (1H, 
^;.dd), 4. 92 :: (1H, dd),: 4.84-4.61 (2H, m) f 4.10 (lH,<,m), 3.76 
* (1H, a), ;3.58 (1H, m), 2.92-2.73 : (3H, m), 70-2.45 (3H, m), 
^1.78 (2H, m),: 1.22-1.08 (3H, m) # 1.04-0.81 (24H, m), 0.17- 
'» 15 ^0.09 (12H, m) . - 

ar v :c) ^(2R,4S, 5S, 1 *S) -5- ( (IRS) -l-methyl-2-hydroxyethoxycarbonyl) - 
\j*V* "> ramino-4-hydroxy-N- (1 '-isopropyl-1 , -imidazol-2-yl) methyl-6- 
^ phenyl-2-phenylmethyl-hexanamide 
20 Following the procedure of Example 38(c), except using 

the compound of Example 4(b), the -title compound is prepared. 
^ (1H, dd), 4.58 

t) -- ; jl : ~i\:(1H, :'m)/- 4.38^(1H,.' dd)y.U4.06:Y(lH, m), 3.62 (1H, m), 3.41 (1H, 
v r vc 'm),i 2.79-2;55 (5H, ,*m)> 2.4? (1H, dd) , 1.92 ,(1H, m) , 1.67 (1H, 
25 m), 1.08-0.98 <3H, dd) , 0.69 (3H, dd) , 0.58 (3H, dd) ...... 

"XYri;?^ - : /0 ; •:- i >J -■' •> - i y ^ i Example 42 r-.-- • '.v: • 

f ; Prpparah^ nn of ^R. 4S. f>S. 1 ' SI >:., 
' 3 rf30 cyglopen frylnvygarhnnyll f 1 '-isopropyl-l «- 

h.-n\* m j H**r/I -9-yl) mfit:hvl-6-phenvl-2-tthttnv1 m^thvlhftxan amide 

^.&a):i (trans) -2- (t-butyldimethysiloxy) -cyclopentanol b 
■•wo rsoi 3riT To s a ^ mixture of * t— butyl dimethyls ilyl* • chloride .* (5 .08 g, 
35 33.7 mmol) * and) imidazole (2.30 g, 33/7 mmol)' in DMF (10^ mL), 
•4o a/,; a 1 solution :of Ttrans-l,2-cyclopentanedior in DMF (4 mL) was 
added. The reaction mixture was stirred overnight; at 25°C. 
The reaction mixture" was diluted with ice water and extracted 
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• 1 witli ether. - The ether; extract wasHwashed^with wetter and 

brine, dried over magnesium sxilfate^ f iltered, and: the solvent 
removed in vacuo. The residue was purified by flash - 

'^chromatography^ 
5 ' title- compound as an- oil ■;' (3^44- g<; U 9%):v^ vo4^ Y^fl:) s i- 

v b) ( (trans) -2- (t-butyldimethysiloxy) -cyclopentyl) - (4- 
' ■. riitrophenyl) carbonate ' ;.~ : ' ^tr ;;fc*b- r: ii ' ^u^if:^i-3E.fe a ' 

:. i To a; solution of the . conpoundcof ;\Exairpleb42 (a): (1.08 g, 
io ^ S mmol) and DMAP (0.611 g, S'mmoU'*^ 

: r mL) , bis (4-nitrophenyl) carbonate , (i\ 52^ g> 5 Cratol}- , was added. 
The solution was stirred overnight L at \2 5°C:>? The reaction 
mixture was diliited^with dichloromethane* * (15 mLJ/ iand washed 
with water and- brine. - The^organic extract v was dried over 
15 magnesium sulfate, filtered, and the solvent was removed at 
reduced pressure. The residue was triturated with 

,....< ; hexanerethyl acetate, (1:1)- and filtered.^ The : r filtrate was 
evaporated to an oil and purified by flash chromatography 
(silica, 9:1 hexanerethyl acetate) ; ; to: yield; the title 

. 20 compound as an oil (1.75 g, -92%) > miy. vn ';voxr -v* o>. 

C ) 5- ( (trans ) -2-t-butyldimetftyr^ 

carbonyl) amino-4-t-butyldimethysiloa«y-NH[i , -isopr^ 
. ; (2-t-butyldimethysiloxy-cyclopentyloxycaf bbnyl) ) imidazol-2- 
25 ;yl]methyl-6-phenyl-2-phenylmethyl-BexanaM 

A solution of 5-axIdno-4-t-butyldimethylsiioxy-N-[^ , - 
isopropyl-1 ' ^imidazol-2~yl] methyl- 6-phenyl-2-phenylmethyl- 
hexanamide (171 mg, 0.311 mmol) / DMA^ (76 il mg, 0.623 mmol) 
and the conpound of Jixa^ in 
30 : : dichloromethane : (9 mL) -was; stirredfo^ >The 
. reaction mixture was ; Mluted^wi^ 

with water arid saturated sodium bicarbonate solution, and 
dried with magnesium, sulfate; 'LThe -organic (extract: was 
.filtered and the solvent wasiremoved; in; vacuo ^ The residue 
35 was purified by flash chromatography, (silica, ?:4:1' <>c 
- ; hexanerethyl -acetate) tol yield the title ;conqpound; as an oil 
. (150 mg, 47%) . : .. - - . ■■•>: v: oo ;\f " > : . ./■. ■ i* • 
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- . j 1 4)::5-(.(trans^ 

;; r ^ pk^ylraet^yl-^ r : ... 

To a solution of the compound of Example 42(c) (150 mg, 
, 5 p,145 v im^ (5 mL), ? 3N HC1 (3 mL) was added. The 

solution, was stirred ^overnight at 25°C. ; ; The methanol was 
Cv ! >r; t evaporated -in -yacuor and the residue was diluted with water 
and extracted with ether* The aqueous solution, was 
neutralized* iwith 5%g sodium v carbonate ;(~pH 7) .and a solid 
;rflO (precipitated. 1 The- solid was filtered, washed' with, water and 
v v ( - dried in vacuo to yield the title compound (51.5 mg, 63%), 
<K:r\ NMR.(CD30D; 400 MHz)hS>7.0-7..3 < (m r 10H) , 6.87 (s, 2H) , 4 .63 

0V(m, 2H) r ?3:.88;(m f ;.lH) / r3.55 (d/ilH) f 2.5-2.9 m f 5H), 1.4-2.1 
t:^r(br r 9H)> 0.88 r(d,i3H),: 0.71 (&, 3H) ; TLC Rf 0.27 (silica, 8% 
15 methanol/chloroform) .^f r / . ^ 

v-v; ;>:.»i/;v ; .> Ian , '-.v* V. : / U;^ <1 = ■ ; .v ■ , ■ 

;j. ---:>I.:;;L ,/:',- : - -vj^rvo Examplft 43 ..-; . 

rif : >: ; .i?: 0 v v iv. ; ;. ; ";;v\:/;;: y <; . 

vr. Preparation Of f2R. 4fi. 5S. 1 'SI —5— f 4— hyrfrnvyHutarioyl \ flTMnn— 4— 
20 hvdroxv-N-(l '-isooropvl-l '-JnHrfagn1-?-y1 1 m^hvl -^p henyls- 
phenyl Tnfithylhftxanamirig 

) "^"\j.\oz : ^:.': -oairos (.(a ^;rr.>.;- '<iy:- v\ •:'-•') ~-v- : : * f \l --■-...;. .;•':•'•*-..'•■/ » 

a) tH&utyldimethylsilyl 4- (t-butyldimethylsiloxy) rbutanoate 
To a suspension of t-butyldimethylsilyl: chloride (29.9 
25i \g/;198 }mmol);cin:dry .DME (20 mL) 4-hydroxybutyric acid/-: 
Jju sodium .salt ^(5.0 g,i<397- mmol) and imidazole (27.0?g, 0.397 
mol)r.were:added;v^.The reaction mixture was stirred overnight 
sk at» .25°C.r The solvent was removed under reduced pressure and 
- .v!-r>the :residue>;was* diluted: with- 10% 'aqueous citric acid (200 
; 30 • mL) l . : The; residue »:was extracted with " ether The ether ' " ■ 
.'v.- solution was rdried^with magnesium sulfate filtered and 
'> ;> evaporated* to ; yield* the- title compound as an oil. 
o, • > iui y L) " t Ou; iC). as.* ..wv ; :.. v -(. , f v (..:;■•! 

. M n {b) 4-t-butyldULmethylsiloxy-butanoic acid , i: / ; 
m? 5 ;i , { A; solutioni of ( £he v compound of; Example :43 (a) (5.0 g) . was 
^dissolved; imacetic i acid :tetrahydrofuran: water (2:2:1, 50 mL) 

solution and stirred for 2.5 h. The solution. was diluted 
.with water and extracted with ether. The ether solution was 
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dried with magnesium, sulfate, filtered and: e^pqrated to an 
v oil. The oil was purified b^ 

hexane-ethyl acetate, 9:1) to 'yield ^ as an 

<^ ; oil (180 mg) . " 

^ c) (2R, 4S, 5S, 1 'S) -5- (4-t-butyld^ethyisiib^-bufeMbyl) amino- 
• 4-hydroxy-N- (1 ■ -isopropyl-1 • -imidazor-2^ 

phenylmethylhexanamide >ii v .^;i^<'^ ; /. 

A solution of : (2R;4S,5S r I'SV-S-ami^ :a 
10 / . : butyldimethylsiloxy-N- (1 * -isopropyl-1 > -ikidazol-2-yl) methyl- 
6-phenyl-2-phenylmethyl-hexariamide -;(17SiTOgr! : 0^319 v 'imnol) # ; 4-t- 
butyldimetAylsiloxy-butMbic»acid ; -X84 ing) 0^41^ rabbit), BOP 
reagent (148, 0.335 mmol) > triethylaminel(46 > fIL> 0;335 mmol) 
: and dichloromethane (4 mL) were stirred^ at 20°C under Ar for 
15 24 h. The reaction mixture was. diluted < with Z dichloromethane, 
washed with aqueous Na2C03, water irid v brine, ind dried over 
solid magnesium sulfate. The organic phase was filtered, and 
concentrated in vacuo. The residue was purified by flash 
. ctoomatography (silica^ 2^ 

:20 : - the title.- canpoond.v;^ ■■; • 

d) (2R, 4S, SS, 1 9 S) -5- (4-hydroxybutanoyl) amino-4-hydroxy-N- (1 
, ; > isopropyl-1 ■ -imidazol-2-yl) methyl-6-phenyi-2~ ? • 
'£} phenylmethylhexanamide " 'io noxr;m.CBi?c -is 

25 i.! A -solution of the confound of Exai^le:43 (6)^(177 mg> 

0.236 mmol) and. tetra-n-butylammoniuitf fluoride ?■ (2.84. mL, 2.84 
...*mmol, 1M solution in, THF) was stirred Junder anr argbnt 
. /-atmosphere at room temperature; ovei^ight^^TTh^ solution was 
; . diluted with ethyl acetate, ,washed;;with;tsaturated sodium 
30 , bicarbonate solution, and watery and .thei. organic layer was 
. concentrated . The residue vasl;prec:^ita&^ 
acetate solution to afford the ...title compound;^ NMR'S (CD3OD, . 

400 MHz) 7.0-7.3 (m, 10H) , 6.86 (is, 2H) , '4 . 62 (d, IE) , 4 .05 
(m, 1H), 3.43 (t, 2H) , 2.55-2,90 rkmp4R)% ; t.2-i 60 (mV 1H) , 2.17 
35 (m, 2H) > 2.05 (m; 1H) , 1.76 (m/infy 1V67^ (m^ 2H) , 1.55 (m, 
1H) , .88. (d, 3H), .72 (d, 3H) ; : TLC Rf • 0 . 40 f (silica, M0% 
methanol/chlorof orm) . c * U ., "buz* ao/.vv.'.^ ' 
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Example 44 

-i, ;v Preparation of f2R,4S.5S, 1 'S^Z^Dhftnvlmef-.hyl-d -hydroxyS- 
c (benzvloyvnarhonvl^ valVlaTnino"-6-phftnvl-w- /l «-S sobutyl-l 

5 imidazo-2-yl ) methy 1-hexanamide ; * 

T " — ■ l (a) (2R, 4S, 5S, 1 ' S) -2-phenylmethyl-4-butyldimethylsiloxy-5- 
: a (benzyloxycarbonyl) valylaiaino-6-phenyl-N- (1 , -isobutyl-l 

(imidazo-2-yl) )methyl-hex^amideV =i: ;v ^ 
? 10 ^ A solution of .s carbobenzyloxy- (L) -valine (50.4 mg, 0.20 
ori/c f c ' -r^rinmol) the product' of ^ Example 13 (a) :(110 mg, 0 .20 mmol) , BOP 
i 6 :m:reagent (88.7 mg, 0.20 mmol) and triethylamine (28 0.20 
tv r >.> • ■: ^.mmol):*v.in methylene chloride (4 mL) was stirred at 25°C for 4 
' d The reaction mixture was diluted with methylene chloride/ 
15 washed with saturated sodium bicarbonate and the organic 
Mi ; \ layer was concentrated. The product was purified by flash 
J : chromatography (silica gel, 4% CH2CI2/ MeOH) to give the 
:l title, compound (104.. mg, 67%) ... ; 

Vik:20., (b) (2R,4S,5S,l f S)-2^ 
r.i (benzyloxycarbonyl-valyl)amino-6^henyl-N- (1 , -isobutyl-l 
imidazo-2-yl) methyl-hexanamide . 

To a solution of the compound of Example 44(a) (104 mg, 
0.133 mmol)< in. MeOH (8 mL), 3H HC1 (2 mL) was added. The 
25 T solution 1 was stirred for 16 hrs at 25°C. The methanol was 
removed at reduced pressure and- 10% sodium carbonate was 
7* Madded to f pH ~7.5. ^Ether (10 mL) was added and the solid 
.r-.v-.bbr> product was . filtered and dried in vacuo to provide the title 
£ .rcompoxand (58 mg f 65%) . NMR(CDCl3) 5 0. 62 (d, 3H) , 0.78 (d, 

i o:30£J 3H), 0.82 (d, 3H) , 0.90 (d, 3H), 1.62 (m, 2H) , 1.96 (m, 1H), 
vs*r 2.06 <m,vlH), 2.55 (m, 1H), 2.77 (m, 4H) , 3.38 (s,lH), 3,53 
bno ^- >i(m,;lH), 3.91 ;(M,1H), 3.99 (m, 1H), 4.47 (d, 1H) , ; 5.11 (s, . 
. (tk) 2H)-> :5.78 (d,clH),) 6.85 (s, 2H) , 6.92-7.34 (m, 15H) ; 

0; .1 MS m/e 667 [M+H]+.-) Be . v . . " . ■■ . 
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pT-Ap^-rat-ioTi of f 4fi. 5S. 1 'sU2-nh^nviTnftthVi-4-hvdfoxv-5"- (N- 
. acAt-ylvalyl 1 amino- 6 -phenvl-N- (1 '^ifliobTj^vl^l '-imtdazo-a- 

(a) (2R, 4S, 5S, 1 1 S) -2-phenylmethyl-4-t-£ut;y^ oxy-5- 
(N-acetyl-valyl) amino-6-phehyl-N- (1 '-isobutyl-l i-imidazo-2- 
yl)methyl-hexanamide • J ;** . ] < {l'-r ^ ' ' 

10 To a solution of N-acetyl-(L) -valine; (40; 3 mg, 0.253 

; romol) in dry THF (8mL) at -40°C was < added rfl-methylmorpholine 
, (55.7 ytl, 0.50S mmol) followed by isobutyl^chloroformate 

(33.5 ill, 0.253 mmol) . The reaction mixture was - stirred for 
• 15 min, and the compound of Example 13(b) ^(139: mg, 0.253 
15 mmol) in THF (3 mi) was added, v The reaction mixture was 
^ ^ allowed to warm to room temperature and stirred fori 2 d. The 
reaction was diluted with ethyl acetate, Y and 1 washed: with 
water and brine. The organic solution was. dried with sodium 
sulfate, filtered and the solvent removed under reduced 
20 pressure. The residue was purified by flash chromatography 
(silica, 4% methanol/chloroform) to give: the product as an 
oil (47 mg, 27%). ' " ^ : Cv : '-^-j: 'l t : 

(b) (2R, 4S, 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- (N- / ;;• 

25 acetylvalyl) amino-6-phenyl-N- (1 '-isobutyl-l l-imidazo-2-^ 

yl)methyl-hexanamide. . -\ t. ; y:^st:-% :;s ov* ^ ^ 
. ; y ■ To a solution of the conpound of /to 

0.0681 mmol) in methanol (3 mL) , 3N HC1 (0.5 mL) was added. 

The reaction was stirred for 16 h at 25°C;; The^methetnol was 
30 removed under, reduced pressure ;arid the solution wis "diluted 

with water and neutralized with : 5% .sodium, carbonate; The 
■ solid product : was filtered/ washed i with ^water "and * either, , and 

dried in vacuo to yield the title compound (29T5 mg>: (75%). 

NMR (CD3OD) 5 0.70 (d, 3H), 0!88 (m, SE) ,} 1.57 ^ 1H) , 1.70 
35 (m, 1H), 1.92 (s, 3H), 2.05 (m, 1H) , 2.55 (q, 1H) , 2.77 (m, 

4H), 3.57 (d, 1H>, 4.03 (m, 2H) , 4.60 (d, 1H), 6.87 (s, 2H) , 

6.95-6.20 (m, 10H) ; MS m/e 575 [M+H] + . 
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?xv, "* Ui J*. * ; "M ::r>fi: ■ > : t Example 4 6* .... 

<' -Preparation of f2R.4S.5S.l«S)-5-r (itnidazol-?- 

- ; Vvl^methyloyycarbQnyllaMno-4-hvdrQXV-N- tl '-lsopropyl-1 

: 5 imida2ol-2-vl^methvl-6-phenvl-2-phenvlmethyl-hexanamide 

^* M . ? a).u(l- (benzyloxymetAyl) inddazol-2-yl) methyl- (4- 
0 . -.'-^ nitrophenyl) carbonate: ';}. IC.u , " il . r . . n. 
. ^l ii:^ v ) ./ » A mixture of bis (4-nitrophenyl) carbonate; (lr 

10 benzyloxymethyl) imidazol-2-yl) methanol and 4- 
v -vj: :;.T;ii ^dimethylam procedure 
r viv of 1 Example' 14 (a) to afford the /title compound (58%) . 

NMR(CDCl3 f 400 MHz) 5 8.18 (d, 2 H, J-8.38 Hz), 7.44-7.23 (m, 

M« . ■ 7H)V 7.11 (s,^lH)V 7.13 (s, 1H), 5.48 <s, 2H) , 5.44 (s, 2H) f 
O^.is. ^4.49 (S,: 2H)V* • ' r. - ^ - - ■] ^-.v . :.'.t. 

* ? b) (2R;4S; SS/l^S) -5- ((1-benzyloxymethyl) imldazol-2- 
m. I yl) methyloxycarbonyl) amino-4- t-butyldimethylsiloxy-N- ( 1 • - 
f? ■■■.:*';*..«, isopropyl-lVimidazol-2-yl)methyl--6-phenyl-2--phenylmethyl-" 

20 hexanamidel ^*vkv. . ■;• ■ ^ * • /: ii - ifc 

o * , •£> g-.; ^" mixture- of the compound of -Example '46(a) >•"■* ■ 

> c (2R, 4S> 5S, 1 • S) -5-amino-4-hydroxy-N- (1 '-isopropyl-l '-imidazol- 
es- , (i i2-yl)methyl-6-phehyl-2-phenylmethyl--hexanamide f r and 4- 

; n ' ^dimethylaminopyridine was . reacted according to the procedure 
25 of Example 14(b) to afford the titled compound (32%). ? 

NMR(CDCl3) >8 7.50-6.60 (m, 19H) , 5.25 (m, 2H) , 5.11 (d, 2H, 

J-11.03 Hz), 4.68 (m; 1H)V 4.39 (m f 2H), 3.97 (m, lH), 3.67 
(m, 1H), 2.88 (m, 1H) , 2.72-2.28 (m, 6H), 1.85 (m, 1H) , 1.60 

r/' ^ - (j:v-'.::.( m ;v, i H ) ;< *o:'92-0 i 8i^(m r 15H); ;: 0.80 (s # 3H) , 0.06 (s, 3H) ; 

30 -MS (ES )' - J 'm/e :: - - 793 ^[M+H] ^ o:: -i>v - . . ; . A.v ^.A; 

c) (2R, 4S f 5S, l , S)-5-(imidazoyl-2-yl- 
methyloxycarbonyl) amiho-r4- t-butyldimethylsiloxy-N- ( 1 1 - 
isopropyl-1 1 -imidazol-2-yl) methyl- 6-pheny 1-2-phenylmethy 1- 

-D .35I - JieX2U12UaideOc vj^:M V!>; r f Jj:, ^ . i r / ■ -v;:j;r>:iis ' . 

- Sr"!>i' The^compound of 'Example '46(b)' (58 : mg,' -'0.073 : xnmol) / 
rj.f:[ ;i o methanol v;(3 ^mL)v and* 10% Pd -on ^carbon (50 l mg): Were combined 

' ir- T v and ^stirredi under T atm r of> H2 for 24 h. Additional catalyst 
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(50 mg) was added and. stirring under. H2 .was continued for 8 
h. The reaction was filtered through Celite®, concentrated 
and flash chromatographed (silicap sfepf gradient; ^0-8% 

. " : X: MeOH/CH2Cl2) to yield: the, title Vco^ounife (28 ;mg^57*} ^ 

: 5 .NMR(CTC1 3 ) 8 7.29-6;83.v(m^;14H)^ 

4.91 (d, 1H, J«11.2 Hz), 4 .71 (m, 1H) , 3 . 92 v(m, 1H) , 3-61 (m, 
IE), -3.02 • (mt flH) , -2.81-:2v54. < (m/;-4H) ^i2;^6<(m/ >1H)> 1.93 (m, 
IB) r 1.59 (m, 1H), 0.91 (d, 3H/ ^7 vli[Hz^ 

(d, 3H, J-7.1 Hz) , 0.84-0.05 : (m, 6H) ;,:MS (ES) ;m/e 673 [M+H] + . 

d) (2R, 4S, 5S/ 1 • S) -5- (imidazol-2-yl-methyloxycarbonyl) amino-4- 
hydroxy-N- (1 t -isopropyl i -l, , -imidazol-2-yl) methyl-6-phenyl-2- 
phenylmethyl-hexanamide m ^ : 'aei??! 'be*- icjt'OGr ; ■« ; 

The compound of Example 46(c): (24. mg,t 0.035. mmoL) , 95% 
15 aqueous EtOH (0.50 mL), and concentrated- aqueous* HC1 (0.050 
mL) were stirred at 23°C for 24 h. The solution was diluted 
with H2O (5 mL) washed with EtOAc andr then-; the aqueous phase 
-was made basic by addition of solid [K2C03>r ^Extraction with 
: -i ?f; ..- EtOAc, concentration of * the organic ea±ractv; and ^trituration 
20 with CH2CI2 afforded the title compound (14j.mgyi/72%) . c<NMR 
(CDCI3) 5 7.33-6*85 (m fJ 14H), 5.11 (d, ,lH r ^^10.6 Hz) r 4. 96 
i , (d, • -1H, J=10.8 Hz), 4.47 (m, 1H) , 3.72: (m r 1H) f .3.38 (m f 1H) , 
2.81 (m, 4H), 2.59 (m, :1H) , 2.07 (m/ :1H) ;^12\(& r XXj , 1.62 
- (m r 1H), 0.78 (d, 3H, J«6.63 Hz) r 0.67p(d r; :3H/ : J«6.63 Hz); 
25 (m, 6H); MS(ES) m/e 559 [M+HJ + . ^Imuu.li ^ ? 

■ >; •* - ,' . .v; -or ( v;3; ; ; : i.OG::)^i 

: Example 47 . ^ .> 0 _.. i;r 

, t Preparation of ( 2R. 4S. 5S, 1 '5, l"tt fi) -S-Y M w — ( imidagol— 2— yl \ —2 w — 
30 methyl Ipr opyloxvcarbonvl) amino-4-hvriroxv-y- (1 '-isopropvl-l y - 
ifflida2ol-2-vllmethvl-6-phenvl-^ 

• - . : c C ' ' — O ': •' 

- a) (IRS) -1- ( (l-benzyloxymethylimidazol-2--yl) H2-/J :t 
methyl) propyl- (4^nitrophenyircarbonate c *IlY 
35 A mixture of bis (4-nitrophenyl) carbonate/* (IRS) (1- 

benzyloxymethylimidazol-2-yl)-2-methyl)propanol and 4- 
dimethylaminopyridine was reacted, according.. to.. the procedure 
of . Example 14(a) to afford theh title compound .(61%) . NMR 
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? (CDCI3) 5 8.18(d,;2H, J-8.31 Hz) , 7.38-7.21 (ra, 7H) , 7.13 
... (s, 1H),\ 6.94 (s, 1H), A 5.74 :(d, : 1H, J-ll.l Hz), 5.47 (d, iH, 
J-lO^rHz), 5.28 (d, :1H, J-10.2 Hz) , 4 .53 (d, IH, J»11.3 Hz), 
.: ;4.^1 ;(d/V lH /fc ^L1.3 Hz) # 2.64 (in,, 1H) , .1.18 (d, 3H, J-6.02 
5 Hz) f 0.87 (d, 3H, J=6.02 Hz); MS(ES) m/e 426 [M+H] + . 

■:: bh v (2R, 4S, 5S, V S, l n RS) -5r < (l n r (l-benzyloxymethylimidazol-2- 
Iyv ryl)-2 n -raelAyl-propyl)oxycarbonyl)aiaino--4--t-- ; i 

: butyldimethylsiloxy^N-- (1 '-isopropyl-l '-(1- (1"- (1- 
10 benzyloxymethylimidazol-2-yl)-2"- 

- k 3 methylpropyl) oxycarbonyl) imidazol-2-yl) methyl- 6-phenyl-2- 

^ :phenylmethyl-hexanamide? 
; v l\ :) d .OA' mixture of : the compound of Example 47(a) (145. mg, 0.33 
■:; ^ (75.9 mg, 0.14 mmol), 4- 

r 15 V dimethyl aminopyridine (41 mg, 0.33 mmol) and DMF (0.5 mL) was 
; stirred under argon for! 18 h. The DMF was evaporated in 
vacuo and the residue was combined with 10% ag K2CO3 (10 mL) 
and extracted with EtOAc. The combined extracts were washed 
with saturated iaq NaHC03 r .dried (K2CO3) , filtered and - 
20 concentrated in vacuo. The residue was flash chromatographed 
J. 0 /1 (silica,; step.; gradient ,-0-4* MeOH/CH2Cl2) to afford the title 
::S„ [compound (96. l .mg,,; 57%) . NMR (CDCI3) S 7 .38-6.78 (m, 26H) , 
5.67 (m; 1H) ,U5. 61-5.00 (m/. 6H) , 4 . 58-4 .27 (m, 5H) , 3 . 97-3 . 61 
(m, 3H), 2.78-2.10 (m; 8H), 1.95-1.51 (m, 2H) , 1..10-0.55 (m, 
25 27H) , f 0.50-0. 05 (m, 6H) . ^ O ; } 

x \..vr.,cy» (2R,4S,5S,l , S,l w RS)-5-[(l ,, -(l-benzyldxymethyl- 
r. imidazbl-2ryl) -2 •'^-methyl-propyl) oxycarbonyl] amino-4-hydroxy- 
vn- (1 f -isopropyl-l ' -imidazol-2-yl) methyl- 6-pheny 1-2- 
30 .phenylmethyl-hexanamide : I ..■.--< .r ; 

rf't ' x :isr- by a solution 7 of the compound of Example 47 (b) : (81 mg, 0.07 
: mmol), CH3OH (0.75 mL),: and 3N aqueous HC1 (0.25 mL) was 
stirred 'at; 23°C; for 20 h. The reaction mixture was diluted 
? l 1 with H20 ; (10 ivL)h and washed with EtOAc (3 x 15mL) ... Solid 
s35:/ JC2CO3; was added to give a. basic solution (pH>12) ,) which was 
Extracted with EtOAc. The extracts: were dried (K2CO3) , 
bn filtered,: concentrated and flash chromatographed : (silica, 
,; , step gradient, ; 0-8% CH3OH/CH2CI2) to give* the title compound 
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(34.9 mg, 65%) . % BMR -<CfiCl3) -.«^7i43-i6/;7'9;'W;-'9H'^ 5.87, 
' 5.66 (2d, 1H, J=10.66, 10.85 Hz)7 5.28 "(m/i> 2H)^ 4/68 (m, 1H), 
4.42 (m, 2H), 3.71 ' (m, 1H)> ^\5B ^M^U^J^ (m, 6H), 
2.11 (m, 1H) , 1.75, 1.51 s (2ra> 2H) : , 1 ! >05, 6^97 (2dV ; 3H, 
J=6.32,6.4S), 0.68 (m, 9H)".""S?>- "i® ■^^'l^ V .; 

d) (2Msr5s # 4••s,l^)-5^'(U"-(iI^^l-i-yl^^ 2,, - ; 

methyl) propyloxycai±>bnyl)ainino-4-hydroxy-N- (I'-isoprbpyl-l *.- 
imidazol-2-yl) methyl-6-phenyl-2-phehylmetAyl-hiexanamide . 
A mixture of the compound" of ^ Example 47 .(c) -'(34 mgj; 
; : 0.047 mmol)> CH3OH (4 mL) ,• arid:il0% .Pd/C< (34 :mg) , iwas stirred 
under H2 (1 atm) for 26 h. The/ suspension-was f. filtered 
. . through Celite®, concentrated, : and:trituratedfiwith CH2CI2 to 
, . yield the title compound (4, mg, 14%) v : lH ;MMRj (CDCI3/CD3OD) 5 
US 7.7.32-6.71 (m, 14H), 5.38 (ay 1H) ,14.55 - (m,ilH) ,m3"3 72 ;(m, 
IE), 3.55 (m, 1H), 2; 78 (m, 4H), 2.55 (m,blH),;?2.15?.(m, 2H), 
■ 1.60 (m, 2H), 1.03-0.61 (m, 12H) . / - ; ^ r 

?rfTa r- a *Hnn of - - fifi-i « si -5- f fs-h^t-oxvcarhonvl Vmn1 no-4- 

; yl \ ^t-hyi-fi-phgTiy l-^hg^^ * 

/ : • • - ~ ' , ' - ; • 

25 (a) (l , S)-l , -(carbobenzyloxy)aiiiinorl f --isopropyl--l!-(4- ^ 
( imidazol-2-yl) imidazol-2-yl) methane 

Cbz-(L)-valinal (0.45 g r -1:4 mmol) ,was stirred in 
anhydrous methanol at 0°C. under! argon. iGlyoxal (40%; in 
water) (0.22 mL, 1.4 mmol) and: ammonium\hydroxide >(29% NH3) 

30 (0.88 mL, 14 mmbl) were added and the mixture swas allowed to 
stir at 0°C for 1 h. The cooling bath was 'removed and the 
solution stirred at . room temperature f or '16 ti. Thevmethanol 
.was . evaporated in vacuo: and -the residue- was ^ diluted: with 5% 
aqueous HC1. After extracting with di<Albromettahe> the 

35 aqueous layer was made basic V with solid sodium carbonate and 
extracted with dichloromethane . The -combined organic 
.. extracts were dried over sodium carbonate; i filtered/t and 
evaporated to a solid, which was chromatographed (silica, 4% 
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t methanol /dichloromethane) to give the title compound (0.216 
. . , g, ,43%)' as a . white solid. NMR r (CDCI3) 8, 7.15 (6H„ s (br) ) , 

6.88 (2H, s), 6.30 (1H, d) , , f .89 . (2H, dd) , 4 .52. (IB, t) , 2.05 
(1H, m), 0.73 (3H, d) , *0.62 (3H, d) . MS m/e 340.2 [M+H] + 
5 "" : " ' : " ' ' . r : " • • ,• ' " .... ' " • 

(b) (2R f 4S f 5S, 1 •S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- 
[1/^isoprqpyl-r ] methyl- 6- 

:.•■•;■>},>! pkeiiyl-2-i^ ; ; 

The ; contE>ourid jot Exainple 48 (a) (6.13 gm. ) was ■ dissolved 
10 in anhydrous methanol with 10% Pd on activated carbon (0.02 
( ^[J?l : -v Hyclacogen ,gas was bubbled through the .solution: via 

balloon for 1 h and the solution was stirred overnight under 
* . . a. hydrogen ^at^nosphere. The mixture was filtered through a 

pad, of Celite® and ^evaporated to yield lt-amino-l'-isopropyl- 
15 , : [4-(iirddazol-2;-yl)^ as a white solid 

. . ; (0.13 g r 100%);.: *.>■ < v -> "1 \-:tAAr<:.h 

.-.v. ••: ; This . confound was, : combined with the compound tof Example 
r . ? v^:13(a), (0.334 g, 0.63 mmol), BOP reagent (0.28 g, 0.63 mmol), 

- and ^ and 
20 allowed to^stir under Ar'for:3 d. : The DMF was evaporated in 
vacuo .^d (i the residue was diluted with dichloromethane. The 
, solution; iwas: washed with water and brine. The organic layer 
was dried over ; sodium : carbonate , filtered, and evaporated to 
yield (2R, 4S, 5S, 1 1 S) -5- (t-butoxycarbonyl) amino-4-t- 
25 butyldimethysiloxy-N- [1 • -isopropyl-1 ■ - (4- (imidazol-2- 

yl)imi<tezql-2-yl)m^ as 
v ^j, )f: a ]White jsplid.; : | . : • .. ; ■;>-.* - :> .u=- : v vva 

A portion of the, solid (0.100 g, 0. 14- mmol) was stirred- 
; . . in , THF, at rpom tempera.t ure under argon . Tetrabutylammonium 
30 ( fluoride; (0*84^101*, 0.84 mmol) was added and the mixture was 

. allowed to stir for 16 h. \ The solution was diluted xwith 
< : water and .extracted, twice with dichloromethane. ; The } combined 
organic extracts. were washed; with water and evaporated to an 
pilR residue . o : The residue was dissolved in THF and several 
35, (l .drops of, diethyl^ether^ were added until a white precipitate 
- h - formed. ^The precipitate , was collected by filtration: and 
. ..dried ; in vacuo, .to. yield the title compound as a white solid 
(76 mg, 90%) : - NMR " (CD3OD) 8 7.37-6.84 (13H, m) , 4.61 (1H, 
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d), 3.69 (2H/m), 3.54 (lH/d)V 2^ (1H, 
m), l'-83 (2H, m)> ? i.57 -'OH, \m) ^1.30* ; <9H? ..s? , ^^' bH^/d) , 
0.69 (3H, d); MS m/e 601.2 [M+H] + - Z • :> < * K *> " 

Example 49 

•. *. " *v : -('i 1 .! ■ ,33 -.'"ii- v/i£ : >' } ' * 

Preparatio n nf (9*i 458: 5S, T 'fiV-5- frit fhvdro^^hhvl )^ i 
methnxycarbon yl 1 aminr^-hydroxy-KT-'Y 1 ' -f «OTiffiyfM' Vnidazol- 
2-yl 1 meth yl -fi-pfienvl ~2 -phenyl mettivl-h^ 

* a) di (t-butyI<Umethyi'siiox3^etiyl) xnethyi-X4-nltrdphenyl) 
* - carbonate ■■ « ^ « j: " ^>^^-- 

A mixture containing l>is (4^hltropWriyiy : 'c£?rbbndte(1.89 
g, 6.21 mmol), di (t-butyldimethylsi lox^ethyl) metlianbl (2.00 
15 g, 1 eq) and 4-dimethylaminbpyridine (757-^ 

dichloromethane (100 nlL) was stirred at ^ room teirrperature for 
2 dl The mixture was diluted with ;d£<^orbmefcisme and washed 
with saturated aqueous Na 2 C03 # brine, Oarid <Jried' ovet Na2S(>4. 
*: The solvent was removed in vacuo,?* arid - f tfieVre§idue^ was v 
20 purified by flash chromatography * (silica, r -10%* ethyl! fi c :: 
. : ; acetate/hexanes) to afford the titl6 ! compound-" (75%) . xi NMR 
(CDC1 3 ) 8 8.29 (2H, m) ,/ 7.37 (2H, m)>i 3, 96 (1H/ m )<, ^3.85 

; (2H r d) r 3.82 (2H, d) , 0.89 A (18H; r ^ 

• . , - • 1 .f ^rfi- i^K> : /.C- ' • 

25 b) - (2R, 4S, 5S, 1 f S) -5- (di (t- ^ ' 1; - j;:^^: -v-^ .^,:; Y ,- iT. 
butyldimethylsiloxymeth^ 

butyldimethylsiloxy-N- (1 '-isopropyl-l , -ii& r da2bi^ 
1: t e-phenyl^-phenylmetiyl-hexaiajtddfe 1 - ^ ^^^^ ^ 
.1.;. oj?;.. A solution of di(t-butyldimethylsiloxym 4- 
30 . nitrophenyl carbonate (475 mg, Ci ; 97 * mmol ) / the 1 'compound "of 
■Example 13(a) (178 mg/ 0.325 mmol) 'atnd dimethylaiaiAppyridine 

(119 mg f 0.974 mmol)' in methylefoe^ 

under Ar for 24 h. The solution was" washed' with; ^aqueous 
■w Na2C03, dried over solid Na2C03 'and concentrated °iri' vacuo. 
35 Flash chromatography (silica*; 4% methanbl/dichibrbtdefchane) of 

the residue provided the intermediate" (2R, 4S; 5S, i •§) -5- (di (t- 
. : butyldimethylsiloxymethyl) metiylbxyc^rb^6nyi) v am^ 

butyldimethyisiloxy-N-(l 1 -isbprbpyi-f ? '-(l-Ux(t- 
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butyldimethylsilqxymethyl) methyloxycarbonyl) imidazol-2- 
yl)methyl-6-phenyl-2-phenylmethyl-hexanamide, which was* 
dissolved; i^^e^er^ washed with ;10% iNaOH ri dried over Na2C03, 
r.J ; %b, . and,con^ compound (197 rog f 71%). 

5 NMR (CDCl3) u 8 v 7.^ (2H, s), 6.65 (1H, 

■\or<K bs), 5.09) (lH,*d), 4:78 ;(lH,:bd)> 4.08 (1H, m), 3.89-3.50 
: c ;* ; v ; ^ <1H, m) ,> 2 ^55 ~ (2H, -i m) / 1.90 

: ^. i ^:. ; r(lH; , m)P^1.78t (lH^m), 1.10-0.85 (33H # m) r 0;20-0. 06 (18H, 
u;> • . ?, ,h . >'... - ■ • ■ 

1Q .\ ^ ... ,\ • vv; v - • ? .■ , ..: * ■. .; ; . 

; <: . c)v; (2R, 4S,5S, l'SJrSr (di (hydroxymethyl)methoxycarbonyl) amino- 
4-hydroxy-N- (1 1 -isopropyl-1 1 -imidazol-2-yl) methyl- 6-phenyl-2- 
pheny lmethyl-hexanam Ide 

A mixture containing, the compound of Example 49(b) (50 
15 mg) and ethereal HC1 (4 eq) was allowed to stir in <. 

methanol: water .(9:1); at room temperature overnight. The 
r : solvent waslremoved; In vacuo, and the residue was diluted 
^ with ethyl acetate and washed with saturated aqueous Ha2C03. 
The product was purified by flash chromatography (silica, 4% 
20 methanol/dichloromethane)- tor afford the title compound^ 
Al - ,(29 mg, ,94%) . ;NMR (CD30D) 8 7.20-6.80 (10H, m) , 6.71 (2H, 

s), -4.50>(1H, d)/,3.90 (lH,m), 3;65-3.34 (5H,m), 2.82-2.45 
(6H, m), 1.99 (1H, m) , 1.74 (1H, m), 1.52 (1H, m), 0.78 (3H, 
w • d), 0.60 (3H, d) . i 

^ , Preparation of f2R y 4Sr5Sil t > < ?V-5-fl-oxo-thian-4-s 

yl* nxyr»arhrmyll amlno-4-hydroxY-N- (1 '-isopropyl-l '-imidagftl-2- 
; 30v tj yl> methyl -fi'-phenyl*-2^phenylTTiethylh^yanamtde 

b vw^^-j^ "a;Bejacting*the-coi^ound of . Example 32(b). (81 mg, .133mmol) 
i) . f> - f withi m-chloro perbenzoic acid (23 mg r 0.133mmol) in CH2CI2 
y i ! yielded, the .tit le ; compound. NMR (CD3OD) 8 7.20-6.85 (10H, 

, u i ra)y 6.78 ,(211, s), 4.51 ,(1H, d).,: 3.66 (lH f m) , 3.42 (1H, m), 
, V : 35 2.95-2.41r (9H,> m) , 2.32-2.01 (2H, . m), 1.99-1.63 (4H, m) / 

.C^,* v 1.60r-1.41 ■(2H y ^m);^ 0.78 (3H # d> f 0.60 (3H f d) ; MS >m/e 595.2 
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... •.; . ■ ; • - s m; U\ \-v£Vi:^:V:r^ 'ivl'i'^^V'Y 

; r.;. :Y p y »p;i ra fcion;ftfMf3tt;4 g-*S.1*fi^^ 

j: yl \ nwrarh o nyl 1 nn-4-hvriroxv-N- (1 '-is^rOPvl-1 «--1ffl1 (1n7.0 l -2- 
■ s- yl \ nuM-hvl -P -phWnvl -^nhWnvi'mftfWih^ ^'^ 2 

... Reacting the compound :of Example SO ) (31 img,, :4 9^2|lmol) 
a. swith m-chloro perbenzoic acids (10 mgVi 59 . 2; umol) v 'in methylene 
chloride yielded the> title: compound. v e 4 NMR j (CD3OD ) ..Si 7 .20-6 .85 
(10H, m), 6.76 (2H f s), 4.48 (1H, d), 3.68 (1H, m) ',"*• 3 . 44 (1H, 
10 m), 2.96-2.42 (9H, m) , 2.32-2.04 (2H, m) , 1 . 97-1 . 62 (4H, m) , 
■-> ■- 1.61-1.43 (2H, m), 0.79 (3H, d)7 0.60 (3H, d) ; MS m/e 611.2 
• . [M+HJ + . " ' • : • • ' ^ • 1 } ' " --^-v ' f ' 

Example 52 * i iv* : ' ■ 

15 •• . • ' ; • ' •' ' '* " : ' "' ' ••" 

P^pai-af.on f?R.4S.SS,l 'S1-5-H .l-dimethvl-2-T:; ,vy 

a^nreP.t h nvyrarhnnvl > amino-4-hvdrnXY-N- fl '-1 B0Prqp7 l -l 

■ < mi ^ *oi -?-y i i m^.h v i -fi-nhpn v j -2-ohen vlmethvl-hexanainide 

20".. (a) ~ (2R,4S,5S,l'S)-5-(l,l-dimethyl-2- ^,^U^dj^ 

hydxoxyethoxycarbonyl) amino-4- (t^Jutyldiinetliylsilyi) oxy-N- 
• (I'-iscjpropyl-l'-imidazol^-ylJmethyl-e^henyl^-- J 4 
phenylmethyl-hexanamide " " ^ ■ ; }; • ' . f \ ..v: ) . 

The compound of Example 38(b) (223 mg, 0.221 minol) was 
25 dissolved in 10% aqueous methanol and combined with 1M HC1 in 
ether (0.221 mL, 1 eg) at room temperature. After completion 
of the reaction the solvents were removed in vacuo. The 
residue was -dissolved in ! d£chior^met&^ 
. aqueous saturated Na2C03. ;The. organid-'layer Jwas^ concentrated 
30 and the residue was purified by :*la v sh^cKxcWte^caphV- (silica, 
. . 4% methanol/dichloromethane)' to providerthe title compound 
.. (138 mg, 94%). NMR .'(CDCI3) ; 5 :■ -=7 .38-6. 81,< (12H/'- m). /i-4\^93 + 4 .65 

i * (1H, d, rotamers),' 4.81+ 4/48 v^lH/ t^^tamers)^ j 4. ! l5 + 4.08 

. (lH,d, rotamers), 3.90 (lH,q)', 3'..72 ,(2H, m)V ;3.50+3'.38 (1H, 
35 d, rotamers) ; 2.98-2.48 (5H, :m),!2.35 (1H/ m)V 1.98. (1H^ .m) , 
: - 1.79 (1H, m)V 1.60 <(1H, m), 1.30 C(3h> s) r : 1.29 (3H,s), 1.09 
-0.85 (15H, m), 0.7$ (3H f d) , 0.11 (6H, . m) . is? Mj 
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te) (2R,4S # 5S / l'S)-5-(l r l-diinethyl--2-- . t : - 
i'. ! 1 } ;acetoxyethoxycarbonyl) amino-4-hydro3^-N- (1 • -isopropyl-1 1 - 

^ Jinddazol-2-yl)'methyl-6-ph^ 
i> ,1:") -r . N The.con^oimd of rEx'ample 52(a) (103 jug, 0.155 mmol) was 
*i >i. : 5 stirred with acetic anhydride (30 mg, 0.309 mmol) and DMAP 
I (40 mg f 0.309 mmol) 1 in methylene ' chloride at room temperature 
. i-> . under argon overnight. , She ^solvent was removed in vacuo and 
<:.:*r the residue was flash chomatagraphed (silica, 4%' 
methanol/dichloromethane) . > 
10 The resulting 4-t-butyldimethylsiloxy intermediate (105 

mg, 0.140 mmol) was .stirred in methanol: water (9:1) with 1M 
■•'«.- HC1 in ether (0.14 mL f . 1 eq) . The solvents were removed in 
. iy . j uvacuo, ■ the ^residue was: diluted with dichloromethane, and the 

solution was washed with aqueous Na2C03* The organic layer 
" r is\ was concentrated and the residue was purified by flashy 
- ^ J : chromatography : (silica, 5% methanol/dichloromethane) to 
>r(j -r provide, the .title, compound (82 mg, 91%) . NMR (CD3OD) 5 7.29— 

• * v ; 6.90; (10HV m)/ 6.81 (2H, s), .4.51 (1H, d), 4.05 (2H, s), 
\ ^ 3.59(1H; m);*-3.42< (1H,- m), 2.80-2.45 (5H, m), 2.00 (1H, m) , 
(Q»20^ r:98 (3H,>s), 1.72 (1H, m), 1.50 (1H, m), 1.34 (6H, d) A /C81 
tfni ,;i (3H, d), 0.60 (3H, d) . • r - * 

.i ■ r.; Byampift 53 

25 Prfiparatinn of f2R.4S,5S.l'S)-5-('n.l-aiTnftt:hv1-2-fbftnzvloxv- 
rarbnnylgTynyloxvl ethoxvcarbonvll amino-4-hvriroxv-N- 1 1 «- 
i ftoprnpyl-1 « -imida sol-2-vl > mftth vl-6-phen vl-2-phenvlmeth vl- . 
u hftyflnamlrtft hydrochloridfi salt . 

30 a) (2R,4S,5S,l , S)-5-((l,l-dimethyl-2- : 
carbobenzyloxyglycyloxy) ethoxycarbonyl) amino-4- (t- 
butyldimethylsilyloxy) -N- (1 1 -isopropyl-1 • -imidazol-2- 

~K vy {iyl) ? methyl-6^p^ 

The r compound of J J Example' 52(a) (100 mg, 0.151* mmol) was 
35 reacted with 2-chloro^l-methyl-pyridium iodide (92 mg, 0.36 
.;gv/ ( mmol) ,■ DMZ^Pi (75 *mg, i 0.60 mmol) and Cbz-glycine (63 mg, 0.30 
mmol) in methylene chloride ; (5 mL) ' under argon at ' reflux for 
r . 3 h.- .Solvents' were > removed ;4in vacuo iand the product was 
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purified by flashy c^ux>matagraphy ; {silica; ^4%-J 1 • <« > 
• me thanol/di<^orometbane)nto: provided (95 
: rog, 73%) . NMR (CDCI3) •:8 ! ^ < r41-64711i(%7H# i \a0y.c6.r62p(lH,_:bs)., 
6.00 (lH,m), 5.20 (1H, m) /tSvIS (2H>'£fs)iyio4.83!. , + 4.55 (1H, d, 
S rotamers), 4.65+;-4.48 (lH,lt,S« rotamers) ,^4v81-ii+/.i4.<38 <lH,q, 
.rotamers), 4.03 (lH,q) >• .4.02. (2H f .;d)>n 3i-85*3.,68: (2H, d, 
rotamers) , 2.85-2.48 : (5H, . m) , .2.38 «>(1H,> m)^-.1.90r>(lH, m) , 
1.55 (1H, m), 1.38 (3h, s);. 1.29 (3H,s)* -. 0;.90? <9H, :m), 0.85 
(3H r d), 0.70 (3H, d), 0.11* (eH;*.'. m).W«i'.i U>\i.6i^.A^m. 
10 ••■ • i> f .U ' orf* . d : . 

b) (2R f 4S / 5S f l , S)-5-((l,l-dimethyl-2-; $H ? 6 %™ 
- (benzyloxyc»u±onyl)ethoxyc«rbonyl)ajnin^^ ' 
1: isopropyl-1 • -imidazol-2-yl) methyl- 6-phenyl-2-phenylmethyl- 
:~ hexanamide hydrochlorlde---salt''. : :V- >:iiz&y •>;oi-7tfI«>a 
15 The compound. of Example 53(a) (12 mg/:i0.014 .mmol) awas 

stirred in methanol :water (9 : ib.vith ' m\BCS$. (2; eq) via ether 
^ overnight. The solvents were removed" in vacud^ tovgive' the 
< title compound (8 mg* 73%). NMR(CD30D)/5 7.35\ (2H,s), 7.31- 

6 . 85 . (15H, m) , 5 . 00 (2H, s) , . 4 .59 (1H, d) ; 4 . 15i j(1H,£ d, 
20 rotamers), 4.65+ 4.48 (1H, t r rotamers) , x 4.81 r*> 4 ;38i (2H,: dd), 

3.80 (2H,d), 3.59 (1H, mj; '3.40C(lH/*d)V^85r32^4«<!(5it; -m) , 

2.00 (1H, m), 1.60 (1H, m), 1.55 (1H, m), 1.31 Oh, s), 1.29 

(3H,s), 0.91 (3H, d), 0.60 (3H, d), 

25- ' '' :. . Bvamplft 54 ! -, / Vr.-o?.^ -. :T 

; ; . * " • .:jy.V: ' 'f.^'f t '.T '? *' '-T. . • V.S •>,££. ft.-* 

. : Pr^par-atMrtn *vP f9R.4S.SS.1 —5— f M ; 1 — diTttftthvl — 2— O'ix 

7 T y^yl nvyl ^hm ryrarhnnyT iami nrt-4-hvdTOW-W- f 1 '-isOPrOPVl-l '- 
^ m < rfa ™i 1 ™»t-Tw1 -fi-^hWnyl -3-nhPnvlinethvl -hexanamide 

30 riihyrironh lnHric salt ;* . j=; .., v; : \ ;^ 

i, , . f-,- •/>.• '■'.{■■■ -iiC..'J:'. iOC "iu'J ?'» 

a) (2R, 4S,5S,1*S)— 5— (1,1— dimethyl— 2—. <L. i.\ v. . 

glycyloxyethoxycarbonyl) amino-4- (t-butyldimethylsilyl) oxy-N- 
( 1 • -isopropyl-1 • -imidazol-2-yl) methyl-6-pheny 1-2- 

35 phenylmethyl-hexanamide ; ••; ; - o~ •i.. .>-;: ii . ; ;o, v.- ; .f: 
The compound of -Example 53 (a) ^ (58 img, • :.0678mraoi) 'was 
stirred in methanol with 10% Pd/C (50> mg)i. under 1 atm 
hydrogen overnight. The reaction mixture, was filtered 
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through Celite® and the solvents were removed in vacuo to. 
yield the title compound (48 mg, 98%). NMR(CD30D) 5 7.32-7.02 

:(10H, .m), 6.99^(2H, is), 4.68 (1H, d), 4. 40-4. 28 (2H, dd) , 3.81 
(2H, d), 3.80-3.67. (2H/ m) , 2.90-2.49 <5H, m) , 2.15 (1H, m) , 
5 1.97 (1H/ m) f 1.48: (lH f m)> 1.40 (3H, s),,1.39 (3H,s),. 1.15 
f (3H, d), 0.95(9H, s) f 0.70 (3H, d), 0.11 (6H, d) . 

b) - (2R, 4S, 5S, 1 'S) -5- ( (1, l-dimethyl-2-glycylqxy ) ethoxy- 
: carbonyl) amino-4-hydroxy-N- (1 1 -isopropyl-1 • -iraidazol-2- 
, 10 yl)methyl-6-phenyl^2-phenylmethyl-hexanamide dihydrochloride 
. salt ' - : ^- 

The compound of Example 54(a) (43.5 mg, 0.060 xnmol) was 
stirred in methanol; water < (9:1) with 1M HC1 in ether (0:12 
mL, 2 eq) for 2 d. The solvents were removed in vacuo and 
15 the product was trituated with ether: methanol (20:1) to yield 
• the title compound (40. mg, 98%). NMR(CP30D) 5,7.35 (2H, s) , 

7.30-6.92 (10H, m) , 4.60 (1H, d) , 4-25 (2H, dd) , 3.75 (2H, 
d)., 3.59 (1H, m)*3.49 (1H, m) , 2.90-2.51 (6H, m) , 2.10 (IE, 
^ ; m), 1.65; (1H, m), 1.54 (lH,i m), 1.30 (6H, s), 0.90 (3H, d) f 
20 0.60 (3H; d) . 

Example? Bfi 

.i. ■• * .;>.■'-..-..*...■ ■ . • 

. : P^pa^ion of 4S. SS. 1 'fil -5- ( ( 1 . l-diTTiet:hyl-»2- 

phgnylm^hyl-hgyananridft dJhvdronhl oride salt * 

a ) (2R, 4S, 5S , 1 f S) «5-amino-4--t-butyldimethylsiloxy--N- [1 1 - 
30 isopropyl-1 (4-isopropylcarbonyl-imidazol-2-yl) ]methyl-6- 

phenyl-2-phehylmethyl-hexanamide 
rl : • Using the -procedure of Example 13(a), except 

; > substituting * this -compotind* of Example 28(d), the title 
* ? f < compound was prepared. « 
('35v : ^ ■ • . { " • : -. r <- 

i b) (2R,4S,5S/l , S)-5-((i;i--dimethyl-2- 

hydroxy) ethoxycarbonyl) amino-4-hydroxy-N- (1 '-isopropyl-1 (4- 
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isopropylcarbonylimidazol-2-yl) )methyl-6-phenyl-2- r 
phenylmethyl-hexanamide dJhydrochioride ^salt ? f i * / 

Following the procedures - of Examplel38 (b) t38 (c) , except 
substituting the compound of Example 55 (a): for 4 K - :.j 
5' (2R f 4S,SS # l•S)-5-alaino-4-t-butyldimethylsiloxy-N-r( , - ?. .- 
isopropyl-1 • -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
hexanamide, the title compound was prepared. NMR {CDCI3) 5 
, 7.49 (1H, s), 7.13 (SB, m), 6.84 (5H, m)i .5.53 (lH/{ d) , 4.47 
(lH f d), 3.79 -(IE, m), '3.60 (IE/ , m) , 3.44 (2B,ra), 3.16 (IB, 
10 m), 2.81-2.50 (5B, m), 1.92 (IB,-! m) , JL.62 (2H>; m)V 1.18; (14B, 

m), 0.72 (3E, d), 0.58 (3H, d) ; MS m/e 621.4 [M+H]+. 
f •. .... - >•, ; • • ' ,;ci; .'• . ;'o jf-u r ;- ■«■• • - ' '• 

... ... •*» ;, r.o:- (!. • : ■ 

15 PT-»n«raHo n n-F J9P.. 4fi. SR. 1 «Sl-5-f fl fi)-l-Hlgthvl-2-. =r 

< m-? riasnl-9-yl \ mgf-h yl -fi-nWyl -9-phftnvlTnttfchvihftxanafflide 

: . fx .: ' s s0* 
Using the procedure of Example 41, . except, substituting 
20 2 (S) -t-butyldimethylsiloxy-l-methylethanol in . 41 (a) (prepared 
from 2(S)-l,2-propanediol), the title compound was prepared. 
NMR (CD3OD) 5 7.38-6.90 (10E, m) , 6.83 (2E, s), 4.58 (2B, m), 
3.61 (IB, m), 3.34 (3B, m), 2.82-2.44 (5B, m), 2.00 (IB, m) , 
1.66 (IB, m), 1.52 (IB, m), 1.08 (3B, . d) , 0 ;85 (3E, d) , 0.60 

25 (3B, d). :,>. : & '. ..-"..•/... " :r " 

. Bvatnplft 57 j\ * •.'•/' . 

. PrgparalHon o-P f?P..4S. SS. 1 'Sl-S-Y MKW1-iriet:hvl-2- u 
30 hyrtrnyY<»^ "vy^rhr>nvl^ain<nfv-4-hvrimw-W-/l sonrnnvl -1 '- 
4 tin- ri*?r>1 -?-yi 1 nwn-hvl -g-nhf»nv1 -2-phftnvlfflftthvlhftxanamlde 

Using the procedure of Example- £ 41, except substituting 
2 (R) -t-butyld^Lmethylsiloxy-J.-niethylethanol in 41 (a) , the 
title compound was prepared. * NMR(CD30D) £.7.39-6.88. (10B, 
35 m), 6.82 (2H, s), 4.56 (2H, m) , 3.60 (IB, m) , 3.36 (3E, m) , 
2.81-2.45 (5B, m) , 1 . 99 (IB, m) , 1 . 65 . • (IB/ m) , 1 .51- (IB, m) , 
1.03 (3B, d>, 0.84 (3B, d), 0.60 . (3B, d) . 
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r •• v.v.i.?.- ■ . .(::.'•. \- -xl.\ :.o Examp l e 58 y . 

. • ••.-.L'. ,• ■:. \S'-. ) .' : v: ..<; .'f r.r.'--- b : i-':-;- ■.• . •'. 

Preparation of • f 2R. 4S. 5S. 1 'Si -5- ( ( 1-acetvll amino-4-hvdroxv-N- 

. .,' ( 1 '-isonroovl-1 «-imidagol-2-vl)methvl-6-Phenvl-g- 

5.- phgnylmRfchYlnexanamide ... ^ . , , 

The title: compound, was prepared, by the procedure of 

Example 13 (a) -(c), except substituting acetic anhydride in 
. ... place .of ^i^^rppyl^chloroformate.l NMR(CD30D) 5 7..21-6.90 

(10H, )m), ;6..81V.(2H / .s), *4.58 <1H, d), 3.98 (1H, m) , 3.51 (1H, 

10 m), 2.85-2.49 (5H f m) f .1.93, (1H, m) , a.68, (3H, s), 1.61. (3H, 

.<:•: m) f .:1.50 (1H, m); >0.80 (3H, -d), 0.60 (3H, d) . 

v i ■ • v ? . : ' •}:•'•• ! \;-s ■ • • . ■ -• 

.; ) . , ( ...Tj ^. v Example 59 

' . ...... ...... • i. . 

[ 15 ( Preparation of ( 2R, 43 . 5S . 1 ' SI -5- / t-hutoxycarbonyl> amino-4- 

hydroxy-N- fl '-Ifiopropyl-lUTnldagol^^-yl^methyl^g^-phenyl^^ (4- 
benzyloxyphenylmethyll hexanamlde 

a) (3R, 5S, 1 f S) - (1 1 -t-butoxycarbcnylamino-2 '-phenyl) ethyl-3- 
1 20- .:;(4rbenzyloxy)phenyl©ethYl-t^^ \ : 0i. 

Z . I.v>r;. -.Following; the' procedtire; of i Example. 12 (a)y: except using 
(4-benzyloxy) benzyl bromide,: the' title conpound was prepared 
(284 mg, 27%) . NMR(CDCl3) 5 7 •48-6.72 (14H, m) , 4.94 (2H, 

r s), 4.43;. (lH/d)^ <5H, 
V2S^ m)> 2.12^(lH r 'm)/:1.85i(lH r ' m) r - X.27 (9H/ s) . ' - * 

. ,]!£) - ,r<5 "I *- • - : ( > • • 

p ,ii rb) I (2R, 4S, 5S)>5- (t-butoxycjwbonyl) aminor4-t-butyldimethyl- 
siloxyT6-phenyl-2r (4-benzyloxyphenylmethyl)hexanoic acid 
Folowing the '.procedure : of -i Evans et al./ JV Orgr. Gherc. 
30 50, 4615 (1985), except substituting the compound of Example 
59(a) for benzyl .bromide, the title compound was prepared. 
NMR(CDCl3) 6 7.42-6.76 (14H, m) , 4.99 (2H, s) , 4.69 (1H, d) , 

3.91 _(1H,< q), -3.66 (1H/ m) 2.98-2.36 (5H,.m), 1.85 i (1H, ra) , 
1.52 (1H, : ,m);>-l.;30 ; (9H/ s) , *0.88 (9H, s) , ' 0.04 (6H, ira) . 

c) (2R, 4S; 5S, 1 ' S) -5- (t-butoxycarbonyl) amino-4-t- 
; butyldimethylsiloxy-N-(l , -isopropyl-l" , '-imida2ol-2-yl)methyl- 
6-phenyl-2- (4-benzyloxyphenylmethyl) • hexanamide 
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Following the procedure of Example 12(c)/ except using 
(b) , the title compound was prepared (284 mgr. 92%) . 
v . NMR(CDCl3) 5 7.42-6:74 v(16H?;m) S;041(2H;=is) > :4v99 (1H, d) , 

4.77 (1H, d), 4. Si (lH,~dd) y 3* 93 • (1H;- *j) #l3&£9;*(iHj a), 

5 2.80-2.39 (SH, m) , 1.81 (1H, mj ; -1.62^ < (iH^my; '1.33 (9H, s) , 

0.92 (9H, s), 0.75 (6H, dd) , - 0.07 (6H, ; d) I • 

:J >.::'-■: i. . .\' . >}r. J- ;k> ;:-;V!f::y x •:..•} - la) ;.'( "MiexS ■ 

: 'd) : (2R> 4S, 5S, 1*S) -5- (t-butoxycaibonyl) amino^4-hydr6xy-N- d 
isopropyl-l'-imidazol-2-yl)methyl-6-ph^ . 
10 benzyloxyphenylmethyl) hexanamide v ;. •) ^.£-'2S.".». -» :« 0. 

Following the procedure of. 12 (d)> , except .using (c), the 
title compound was prepared (100 mg r 94%) . NMR(CD30D) 5 

7.41-7.09 (10H, m), 6.85 (2H, d), 6.79 (2H, s), 6.58 (2H, d), 
5.41 (1H, d), 4.90 (2H, s), 4.47 (1H, d), 3.62 (1H, q) , 3.48 
d. 15 (lH,d), 2.79-2.48 (6H, m)W2.02: (lH,!:m),. 1.62 v(2H/tn)'>* 1.33 
.'v (9H, s), 0.74 (3H, d), 0.61 l3B*?d>\ttzJJ£dil:te li&iii 

• . • •■' - ■ C--i»- !'•••)'. M: •c-i : -::;-v • 

20 Preparation of f2tt.4fi.Sfi.l »Bt»S--f1»-WHrft«^t4vitiy1-1^iii4nn-^- 

'. ' . :• . - ^ .v >. ? tfj.DG :-) :x: ■{*•■'£ ,r-:. K«r:> 

. Following the", procedure' of L'Exa^ie i : f4:'0b}>i:'''eixcept .using 
25 the compound of 59 (d) , the title, compound: was! prepared ? (56 
mg, 86%). NMR(CD30D) 8 7.18 (5H, m), 6.84 (2H, s) , 6.73 (2H, 

. •: d), 6.44 (2H,- d), 5.32 (1H> d).,V4-**45 (lH?V.d) > ,3:61$«(1H, q) , 

3.42 (1H, m), 2.80-2.42 (5H f: m) r 2v04t (lH>V7m)> vl.-6lK(2H f m) , 
\ 1.31 (9H, s), 0.70 . (3fl,od)^---0'<61-x«(3H/?d>3»wo ) J .;*A .. 

;30 ... . :. •-■ i .-: : Mv.:.-«» ''34?') its;;- S)>1 P 

; ..- .. =. . ;.-•. • -.Example 61 .-xos (c,\ H 

.»?••_ : ..• " >V.i?-: . . -5 .{',]. to*, D) '•.«</.«' 

■ Prsnaratinni of 4fi. SS1»S- (t—hi^nvyfjarhnnvi rainf rio-4- 

hvdroyvg-phenvlmfff.hvl -6-phffnyl-TJ- M ■'-ffvolonronyl-il «- 
35 i-mJria^ol-^-vninpJ-hv-l-hAyanainJrto 

• : ' • • •• ■ • >- ; •.:> »:• •. 

a) a-(t-butoxycarbonyl)-amino7a-cyclopropylacetonitrile 
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To a solution of cycloprdpylmethanol (10.2 g, 141 mmol) 
i.dn .methylene chloride (250 mL) sodium acetate (1 g) and 20 g 
of Celite® were added. Pyridinium chlorochromate. (30 g, 140 
■> v mmol) was -added in small portions over a period of 30 m. 
:.. 5, ..i.After .1< h. the reaction mixture .was diluted with ether 

:r > (100ml) , filtered through . Celite® and washed, with ether. The 
combined organic . extracts (lr L) were concentrated: in vacuo at 
, \r 15-18°C. to yield formyl cyclopropane. 

Thercrude . aldehyde was dissolved in water : (50 mL) ,' and 
>id= ammonium ichloride; (6.51 g), potassium cyanide (7.16 ;g) (and 
^aqueous, ammonium hydroxide (1.00 mL, 28% w/w) . The reaction 
s " mixture' was- stirred at room temperature overnight, extracted 
»-'with ethyl acetate, -and the combined organic extracts were 
dried over MgS04.': Filtration and • evaporation of the solvent 
15 in vacuo yielded a-amino-a-cyclopropyl acetonitrile as an 
Oil. " •„ ,,v - {: -■■: l-,::- , ■ ... .' f*. 

To a solution of the crude aminonitrile (2 g) in THF (20 
: : i mL) di-tert-butyldicarbonate ( 1 . 53 g, 7 mmol); ■ was added . The 

reaction was stirred overnight. Removal of the solvent in 
20 • •; vacuo followed by : flash chromatography (silica, 1:8. ethyl 
t v " acetate :hexane) yielded the title compound (2.8 g). 1h 

NMR(CDC1 3 , 200.MH2) 5 5.0 (bs, 1H), 4.4 (bs, 1H), 1.4 (s, 
9H), 1.2 (m, 1H), 0.7 (m, 2H), 0.5 (m, 2H) . 

25 .; b) : a- (t-butoxycarbonyl) -amino-a-cyclopropylacetaldehyde 

To a solution of the compound- of Example 61(a) (1 g, 5.1 
- '• * mmol) in THF- (20 mL) , diisobutylaluminium hydride (10.5 mL, 
•o 10.5 mmoi; 1M in ^THF) was' added at -78°C, over 5 min. The 
. ;>~; reaction mixture was i allowed to warm to 0°C over- a period of 
30 r 2 h,: and stirred at;.0°C for an additional 1 h. The reaction 
\! ,r mixture was quenched with MeOH (2 mL), and saturated 
potassium ; .sodium tartrate .solution ( 100 mL) : was added . 
~tk> Extraction- :with ether,- drying : over MgS04 and removal of 
;j ^.solvents in 'vacuo yielded . an oil. : Flash chromatography 
35 (silica-, 1:10 ethyl acetate :hexane) gave th title compound 
• ■ ■■■■ as a: colorless., solid., (225; mg) : . . NMR(CDCl3, 400 MHz) 5 9.45 
(bs, vlH) , 4.95 ,(bs,,:lH), .3.5^(bs, 1H) , 1.3 (s, 9H), 0.7 (m, 
. 1H), 0.3-0.6 (m, 4H)*; : 
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c) 1- (t-butoxycarbonyl) amino-1- (imidazol-2-yl) -l-cyclopropyl- 
- methane • : ' " •••=^- — "' w ^ ■' " y '° 

A mixture of the compound of Example- 61(b) (178 mg, 0.89 
5 mmol); glyoxal (150 mL, 1 mmol/ ;40%aq) /^ammonium -hydroxide 
(5 mL, 28% aq) and MeOH- (5mL) I'was stirred at room- temperature 
for 10 h. The solvents were removed >in vacuo and'* the residue 
was titurated with ether to yield * a brown solid (53 mg) . The 
solid was passed through Florisil®: and (eluted* . with 5% 
.10 MeOH/methylene chloride. Removal ? of ithe /solvent ^inV vacuo 
r followed by trituration provided the title^compound as a 
colorless solid (19 mg) . MS(CI/NH 3 ) ra/e 238.3 >: [M+H] + - *H 
NMR(CD 3 OD, 200 MHz) 8 6.9 (s, 2H) , 4.1; (bd, > 1H) , 1.4 (s, 9H), ' 
. . 1.3 (m, 1H), 0.6 (m f 2H) r 0.4 (m/^2H).v^ . vo 

d) l-amino-1- (imidazol-2-yl) -1-cyclopropyl-methene, t 
. trif luoroacetate . ;v . <jyt{>.± n w 

.The confound of Example 61(c) . (15 mg) - was- dissolved in 1 
mL of TFA and stirred at* room temperature for 20* min. 
20 Solvents, removed in vacuo to give \ the ; titleC compound as a 

semisolid residue. % NMR(CD30D, . 200 MHz) 8 7.1 (s r *2H) r 3.8 

(d, 1H, J=7 Hz), 1.5 (m,'lH), 0.5-0.8 ? (m^ 4H) .- r ^ 

e) (2R,4S, 5S)-5-(t-buto^carbonyl)amino-4-(t-butyldimethyl)- 
25 silo^-2-phenylmethyl-6-phenyl-N-[l f -cyclopropyl^l f -imidazol- 

2-yl]methyl-hexanamide .... ;i. :.- #* ; 
;• The compound of Example 61(d) i was dissolved in - DMF (2 

mL). : and.NMM (26 mg/ 0.25 mmbl) v ;was added and the solution was 
stirred at 0°C for 30 min. (2R r 4S / 5S)r2Tphenylmethyl-4-(t- 
30 butyldajnethyl)silo^-5-(t-butoxycarbohyl)amino-6-phenyl v 

hexanoic acid (38 mg, 0.07 mmol). and BOP^reagenti*(30 mg, 0.07 
mmol) were added and the reaction"; was ^stirred «.at room* 
temperature for 24 h. The reaction was diluted with : ethyl 
. acetate (100 mL) / washed with Aqueous : sodiuik bicarbonate and 
35 dried over anhydrous potassium carbonate!;. Removal of -:*r. 
solvents in vacuo , followed by flash chromatography ( silica/ 
'.5% methanol/methylene chloride)* ': yielded the title c mpound as 
a mixture of diastereomers (25 mg);^ , } / . t 
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.vri... f) i.{2R,.4S,5S).-5-(t-b^^ 
■ . v phenylmethyl-6rphenyl-N- [1 , -cyclopropyl-l v -imidazol-2- 

i- yl]methyl-hexanamide r' ; 
... 5 , y ;. ;; The compound of Example L 61(c) was dissolved in THF (2 - 
-!*-.. ml) t and , tetrabutyl ammonium, fluoride : (200mL, 1M in THF) was 
added. The reaction was stirred at room temperature 
. . . overnight and methylene: chloride (100 mL) and water (10 mL) 
; were added, h \ The organic layer was dried over potassium 
10 carbonate/ said the solvent was removed in vacuo . to give an 
oil. Plash chromatography (silica, 5% methanol/methylene 
chloride) gave a colorless solid which was a 1:1 
diastereomeric mixture of the title confound. 

^.c.,^ -,. ./..> Example f>? 

Preparation of (2R.4S.5S.1 'RU^f^UM^nvY^^nnYii^n^^ 
hvdroxv-^-phenvlmethvl-S^DhftTivl^ri '-n Y rrin prop V i.o 

- . v imidnzo1-?-v1lTnethvl-hftyanaTn^rf#>> anH : , 

20 (2R. 4Sr 5S, 1 'S)-5-(f-butoxvnafhnnvl> a m^o>4^yrfrnvY^- , 
Phftnv3Tnftthvl-6-Phftnv1^ri '^tr>^ a ^U9- • 

Yllniftthyl-hftxaTiamldft 

- * * i K ' ..... 

> n a) Purification, of -the 125 mg of the compound of Example 
25 61(e) by flash- chromatography (silica, 3% methylene 

chloride/methanol). # : t yielded 48 mg of isomer 1, .15 mg of 

- . .r.-t; isomer 2 and; 20 mg of combined fractions. l H. NMR for isomer 
:~r, 1, (CDCI3, .400, MHz) .8 7. 1-7,. 4 (m, 10H) , 6. 95 (s, 2H),.6.1 (d, 

a? b-lH) #i 4.85 (d,- 1H), 4.15 <dd, 1H) , : 3 . 75 (q« 1H) , 3.6<m, 1H)> 
:30- ; . 2.9(dd,\ lH) r i 2.j7 ;(d, 2H), 2.6 (dd, ;1H), 2.3 (m, 1H),. 2.0 (m, 
.r f:..lH) ,;. 1. 6, (m, ..lH) ; 1.4 Cm, ; 1H) 1.35 . (s, ; 9H) , 0 . 95 Is, 9H) , 
oj .0.7 -(m / . s -lH),- i ;.0.4:.(m /: .lH), 0.25 : (m,., 1H), 0.1 (m, 1H), 0.2 (s f 
■lo ? , 3H) M: 0 ; 1 (8^.3^ , u 1h NMR for.. isomer 2 ; (CDCI3, 400 MHz) 87.1- 
c 7 7.4 ; (m, 10H), 6.8> (s, 2H) , 6.2.6 (d, 1H) , 4.6 (d, 1H), 4.0 (m, 
35 2H), 2.5-3.0 (m, 4H) , 1.8 :(m, 1H), 1.7 (m, 1H) , 1.5. (m, 1H), 
1.4 (s, 9H), 1:0 (s, 9H), 0.7 (m, 2H), 0.2 (m, 2H),0.l'(2 
overlapping singlets, 6H) . 
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b) Following the procedure of Example . 61 (f )., except 
•Substituting the compounds' Vof' : Exan£l^ **** title 

compounds. X H NMR for isomer' 1 ,((35300/ 400 MHzp87.1-7.3 (m, 

10H), 6.95 (s, 2H), 4.25 (d, UtfvT ^S^tf'iMfr^r? -5-3.0 
5 (m, 5H), 1.7 (m> ; &i}'U4$l8r"9RY t *i:WHny 0.6 (m? 1H), 
0.25-0.4 .'(m, 2H)V : 0.0"5' ••(m;£iHlf/ :W(BiSMS^iii/e.'533/2' : ":tl«-HJ + ' *H 
NMR for isomer 2 (CD3OD) 5 7.1-7.j4t (mK 10Hj'> 6.85: (s, 2H), 

4.25 Xd, .1H) ,-:-3.-5-3.f--(tar" |H)T-.2-.S^2i9 ;X»>_-5H)y^I>5-:1.8 (m, 
2H), 1.4 (s, 9H), 1.1 (m> 1H) ; 0i2-0:6 (mA4H) ; MS (ESMS) m/e 
10 533.4 [M+H]+. • - : ; ' v> .. :..<■. *xi . •!'•"> fir. 

■ . . • ; • -A' n.- .'•.','•'! .'; -<< 

F.xamplft 63- --•''-,< -:■■> • 

PT-ppa^M-n n nf *s) -5- 1 Msopropvl thiol) carhonvl) - 

15 ami nn-4~hv rfT-r. W -9-nh^nylTnffthv1~6-nhftnvl-W- fl-isOPrOPVl-l 
i mi da y.ol - ?-y 1 1 mpth vl -hoxanamide 

. .. . ■"' 'J *!: : :i VJ : ^.:lsi.ti - v SSfiXsS 

a) 5- ( (isopropylthiol) caxbdnyl) amino-4- v (t-^ *x> r: ' ^' 
butyldimethylsilbxy)-2-£hen^^^ 
20 1*- (1- (isopropylthiol) carb6nyl-ikidazol-2ylj'i'methyl- c - 

hexanamide - * • Ai - 

To a solution of (2R # 4S f SS r l f S)-5^amln^4-t- -V 
butyldimet0iylsiloxy-2^henylmethyl-6--phenyl--N-- [1 •-isopropyl- 
1 • -iinidazol-2-yl] methyl-hexanaraide ! (81 mg f ■• 148 mmol) • and DMAP 

25 (37 mg, 303 mmol) in dichloromethane (8 -mL) f i-r-i i« *- r : 
isopropylthiolchloroformate (42 mg/ .303 mmol) in .* i 
dichloromethane (I mL) was added. The! solution was stirred 
for 20 h and an additional equivalent of the ;chlbroformate 
and DMAP were added. The reaction mixture was stirred for an 

30 additional 20 h, diluted with dichloromethane, and washed 
with saturated sodium bicarbonate . The! organic extract was 
dried over magnesium sulfate, filtered and evaporated to an 
oil. .The oil was dissolved £ii Chloroform and purified by 
flash chromatography (silica,* -1% methanol/chiordftiiadj to give 

35 the title compound as an oil (79.5 mg) 0 : * 
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. . l0 . P) t (2R, 4S / s .Sf 1 f ;S) -S- ( (isopropylthiol) carbonyl) amino-4- 

hydroxy-2-phenylmethyl-6-phenyl-N- [l-isopropyl-l , -imidazol-2- 
; yljmethyl-hexanainide : . v ; ~ . ; 

» K i' ; r; . ; To. : a solution pt,p^;por^jmd of Example 63(a) (79 mg, 
.-..5 ; 105..mmol) in rt# methanol v (8 .inL) / 10% hydrochloric acid (3 mL) 
was added. .The^rearti^ stirred overnight at 

25?C. / x The methanol was evaporated in vacuo, and the residue 
: ; r.was diluted with .water. : ; . The solution was" neutralized with 5% 
s n. i aqueous,\sodiumj carbonate, and, a solid precipitated. The 
: 10 solid* was : ; filtered, ^washed with water, and triturated with 
} ether.;.;. The solid. was dried at high vacuum* to yield the title 
compound (27 mg, 48%) . NMR(CDCl3, 250 MHz) 5 6.9-7.3 (m, 
10H), 6.85 (s, 2H), 6.20 (d, 1H), 4.42 (d, 1H), 4.22 (m, 1H) , 
• /4.0o(m, lH),x3.'55 (m, 3H), 2.5-3.0 (m, 6H), 1.65 (t, 2H), 
US; ,1.27^ (m,. 7H),:/.71c (d of. d, . 6H); MS(FAB) m/e 537 [M+H]+; TLC 
Rf 0.30 (silica, x 4% methanol/chloroform) . 

Example 64 

.20 Preparation of /2R.4S.?;S- 1 'Sy^/l^hyHT^nvyni^y^ ^ 
: ; ; , cvclopftntvlo^narbonvl> a^no-4-hvrfra^TT- tl «-^oprn ?Y i-i t- 
, imida zol -2-vl > mftth vl-6-phen vl^^^nylTn^^Yl - hgx^iH Ho 

* a)» : 1- ( t-butyldimethysi!o3qf) methyl-cyclopentanol 
25 _i ; rjTo /.a; _ solution of l-hydrpxymethyl-l-cyclopentanol (4.07 
v ;g, 0^.035;mole) in: dichloromethane (30 mL) ;t-butyldimethyl- 
silyl chloride (5.28 g, 0.035 mol) in dichloromethane (30 mL) 
was added. Triethylamine (5.37 mL, 0.0385 mol) and DMAP 
(0 .171; :g,> 0 . 0014 mol), .were added and the solution was stirred 
30- .overnight at: >25°C. The. solution was diluted , with ■ 

dichloromethane (30 mLbjand washed with water and saturated 
S:;r ;. : ammonium chloride.-solution. The" organic solution was dried 
b3 . ' vye*: .sodium sulfate, filtered .and the solvent removed at 
b? reduced .pressure . sv The, product was purified by flash 
35., chromatpgraphy r(sA^ca, (V 19 :l v hexane: ethyl f acetate), to yield 
; ^ v -the title compound- as a colorless .oil (6.95 g, 86%).. 
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b) i-(t-butyld£methylsiloxy)met^^ 

carbonate 1 

A solution of the compound' of ' 64 (a) : ~(lJi5*£/ 5 mraol)/ 
DlffiP (0.611 g, 5 mraol) 1 and ^bis" c (4-h^ (1.52 
5 cr, 5 mmoi) in -dichloiometliane -(le-fiij-^s kt^red overnight 
i; at 25°C. The reac±ion f m^ 

; dichloromethane and washed with 5% sodium" carbonate . The 
solvent was removed at reduced pressure and the 'residual oil 
was triturated with hexane:ethyl' acetate (3:2)^ and i filtered. 
■10 The product was purified by flash chrbratography i(silica, 

' 19:1 hexane:ethyl acetate) 1 to give' a colorless oil* (0.599 g, 
, ; 30 %).- - . f* :, ;i V: , ^f;:.^ 

.1 , c) (2R, 4S,5S,1 , 5) -5- [l-(t-butyldimethylsiloxy) methyl- 

15 ; - cyclopentyloxycarbonyl] amino-4-t-butyldimethylsiloxy--N-- [1 1 - 

isopropyl-l f -(t-butyldimeay ^ .0 > I - . 

cyclopentyloxy) imidazol-2-yl] -6-phenyl-2-phenylmethyl- 

hexanamide :: ■ :i - 

A solution of the cospound of Example 13 (a) (173 rag, 
20 0 .316 mraol) , DMAP (81 mg, : 0. 663 of 

Example 64 (b) (262 mg, -0.663 molV ^ (10 mL) 

was stirred for 48 h : at 25°C. -Thte r brga^c solution was ; 

diluted with dichloromethane, washed with 5% sodium carbonate 

solution and the solvent removed at reduced pressure. The 
25 product was purified' by flash chromatography (silica, * 
- 4:lhexane:ethyl acetate) to yield the title Pcompound as an 

Oil (200 mg, 60%). . } it - -fi^ ^ ; - 

d) (2R, 4S, SS , 1 • S) 5- (1-hydroxymethyl-cyclopentyldxy-- 
30 carbonyl)amino-4-hydro^-N-(l , ~isopfopyl-l , -iitd 
yl) methyl-6-phenyl-2H?h^ylmethyl-hexaraide ^ .*'o ^ -v J 

A solution of the silated-derivative (200^ mg, !i « 0.188 
; mmol) in methanol (7 raL) and 3N HC1 ! X2 .5 r mL) ' was stirred 

overnight at 25°C. The' methanol was removed r at' r duced 
35 pressure and the solution 'ims- diluted ^ mL) and 

extracted with ether (25 inL). 1 The : aqueous solution was 
neutralized with 5% sodium carbonate solution to pH 7-7.5 and 
the product precipitated as a solid. The solid was filtered, 
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washed .with, water, and. dried in vacuo to yield the. title 
P?5P?^ d :,^Ai^.^.7*tro W.* ( Sf£0p, .40p._MHa| 8 7.0-7.3 (m, 

r. • ;10H), 6.87 (s, 2H)> : 4.62 :(d, 1H), 3.70 a (m, 3HJ r . 3.55 (d, 1H) , 
■ ■■). ;i 2. 5-2.9= (m, - 5H)Vv2.05 ;(m, 1H) , 1.5-2.0 ; (br, 10H) ; 0.88 (d, 

■ ■" 5 -.; 3H) ,.• 0.70; (d, 3H) TLC. Rf , 0. 50 (silica, 8% ; 
methanol/chlorof orm) . 

'• ,;.-o. • v'.-. Example 65 

tiO. ;•• Preparation of I2R. 48. SB. 1 'fil -fi- n- -nw-w rf a ^ ft i,9- y1 i -g. 
i >■>•■: chvdroxv-4-mftthv1nentvlaTnldo1-.4-hvHrftvy -w-Vl s»prop Y l-l 
•J.- . imiria7,ft1-?-vnmft1-hYl-6-Phftnvl-2-phftnv1mft1-hYl~h^v^natniriP.» anH 

mftthv1Pf»nt:vlamido1-.4-hvdrovv^W- M sop^ pyi-i i -invito 1-9- 
15- vl 1 met h vl -6-nhen vl-g-nh atwI m»*-h vl -hwxnaml rf Q 1 .... 

■• :h a) : lr (l-benzyloxymethylimidazol-2-yl)-2-methyl-l-propanol 
• j1 > j. • 1-benzyloxymethylimidazole prepared according to the 
procedure of t Ngochindo, R„ J.::Chem. Res. (S), 58 (1990)) 
= (3.76 g, 20 -mmol) , and THF (40 mL) at -r-40°C, was treated 
, -.dropwise with n-BuLi (8.4 mL, 21 mmol, 2.5M in. hexane) . The 
. resulting /solution ; was. stirred at? -40°C for 15 min, and i- 
nr it ^butyraldehyde . (2.0. mL, 22 mmol). was added dropwise. The 

reaction was (stirred at -40°C for 1.5 h, 0°C,for 1 h, warmed 
,•25 >to 23% s poured. ; into H2O, and extracted with EtOAc. The , 
4 r ' combined extracts were .washed with brine, . dried (Na 2 S0 4 ) and 
..-•<.; . < concentrated 4a .vacuo... Trituration of the- residue with 
» ,.. ..^Et2P/hexane,;gaye a white solid which was dried, in vacuo 

overnight to afford of the title compound (3.57 g, 69%) . !h 
30 . NMR(CDCl3, 400 MHz) 5 7.28 (m, 5H), 6.97 (s, 1H), 6.92 (s, 

fY:-.lH)/-- 5.23.L(d r -lH r ,- v *?12;.Hx). f 5 r .42. (d, ,1H, JT=12 Hz), 4.48 (s, 
2H), 4.44 (d,' 1H, J=9. Hz), - 2.21.. (m, 1H) , 1.02 (d, 3H, J=7 
. - - Hz),, 0.83 (d,/3H, J~7 Hz) •• 
«^vf '^r'V-r? • I: ■>? f ■■: .: ■■ ■ • ■ : • \ .< : .. . . • 

{35 b)r l-(benzyloxymethylimidazol-2-yl) -2-methyl-propan-l-one 

The compound of Example,; 65 (a) (1.0 g/ 3.88 mmol), MnCfc, 
,«»; (1.69.g,h 19.4vmraol),;and CH2CI2 (75 mL) were combined and 
,,.} j: .stirred for. I d. Additional Mn02 (1.69 g, 19.4 mmol) was 
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added and stirring was continued £o&kzi\&&&tioriaX:''2 d. 
l >. • Filtration through Cel£te®, concentration Wd r, f£a'sh ,.. 

chromatography (silica, 0-1% ' CH3OH/CH2CI2) Afforded ?the title 
compound (0.773 :g, 77%) v *H MMR(CDCl 3 >;;,400i MHzH7.28 (m, 
S 6H), 7.18 (s, 1H) , 5. 85 1 (s, 2R)-,* 4\ 52- (sV 2H) 3 .94- (m? 1H) , 
1.21 (d, 2H, J=5 Hz) . .'M^old^i^f^* 

c) t-butyl 3-(i-benzyl63^ethylimidazol^2-yl) i 3-hydroxy-4- 

methyl-pentanoate 
10 Diisbpropylamine (83 iiL/:'0:S9j4im^ mL) 

were cooled to -40°C and n-BuLi>'.(188 0v47h'mmoi, I2.5M in 
hexane) was added';'-* sW 'reaction-- n^xtureV^V-warflfed'- to ; .-10°C 
and stirred for 15 mV recdoled-to'- -Td^'an^iHSutyl'-acetate 
(63 HL, 0.47 mmol) was. added. The -reactionr was:' stirred for 5 
is m f and EMPA (254 pi, .1:41 mmol) was added?-; The ^reaction was 
stirred at -70°C for 5 m and 1- (benzyloxymethylimidazol-2- 
yl) -2-methyl-propan-l-one J (100 mgf^O v3? -inmol) * in 'THF (1. 5 mL) 
was added dropwise. The: mixture; was/. stirred ia!t V70°C for 30 
m, -40°C for 30 m, -10°C for 30 :m;xwarmed to?23°C,v poured 
20 into 10% aqueous K2CO3 and • extracted :withiEtOAc.; The combined 
. organic extracts were washed with brine,' dried i.(KaC03) , 
• i. concentrated and flash chrdmatographed (silica 'gel>> step 
gradient, 0-20% EtOAc/hexanes) to &£6x&- : ^'>'1&€l£zc&&oand 
. (131 mg, 90%) . X H NMR(CDCl3, ;400 MHz) 8 7/i25 :(m,-;i5H) , 6.96 
25 (s, 1H) , 6.91' (s, W, SV69Md;-iH^^ 

-< ' J-10 Hz), 4.53 (d, ' 'in; j^l3|Hz)> 4^48' -(d,^^ J^lfHz) , 3.23 
- (d,* iH, J»6 Hz), 2.57 (d, : 1H'; J-6 Hzj;*'2 Jl4^(m^ jB)'p'1.39 (s, 
9H); 0'.97 (d, 3H, J-7 Hz); 0.75 (d, £ Sfi^W^Hz);^^) m/e 
375 [M+H)+. : - - *■ " S ■ 

- Q . .... - ft .v 0 ;)(?.• , :J .:.:o03;;^ 

d ) 3-(iH3enzyloxymethylimidazbl-2-yl)-3-hydroxy-4-m^^ 
pentanoic acid trif lourbacetate - y A- f \ , f\ - ( ??:".. ' , ... 

The compound of Example*: 65 (c)-> (93 mg/ 0724 mmol) was 
dissolved in TFA (1 mL) and stirred for 20 m. The TFA was 
35 removed in vacuo to give, the titief cbmpourid . (i02 mg;<J 100%) . 
^■H NMR(CDCl3, 400 MHz) 7.30 •(a r .7H); =6.06 r(d,>l?H, J=9 Hz) , 
-.•5.74 (d, 1H, J=l Hz), 4.67' '(d; 1H/CM9 Hz) >f 4v6^(dV\ 1H, . J=»9 
Hz), 3.62 (d, 1H, J=12 Hz), 2.93--(d; lH, r J=12 Hz")V 2104 (m^ 
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: ; f. . 1H) , 0.-92;(d^.-3H r :';j-i2:-.Hz)i.-.0.88 (d, 3H, "J-12 Hz); MS(ES) m/e 

.;:;oaV . 319 .[MtHjt.ijv : * > ;. : 5 . . 

-•i. '/:.•!'. j«: , . •'.«:-<;• . <...:•.•. • !.... ... : .-..<- . - 

. .,-iv.ih . e) (2R,.4S,.5S, 1 'S^rS.- [3- (RS)r (lrbenzyloxymethylimidazol-2-yl) - 
;> H : 5 v j ) 3-hydroxy-4-methylpentanoyi] amino-4-t-butyldimethylsilyloxy- 
N- ( 1 ' -isopropyl-1.! -imidazol-2-yl ) methyl- 6-phenyl-2- 
:U . - phenyimethyl-hexanamide 

-\ , (1^0 eq) 

; (2R, 4S, 5S, 1,«S) -5-amincr4-hydroxy-N- (1 '-isopropyl-l '-imidazol- 
::;<.ol0 • 2-yl)methyl-6-phenyl-2-phenylmethyl-hexanamide (1.1 eq), BOP 
,{ : t - reagent (1.1. eq)',t) and: triethylamine (4 eq) were reacted 
;u. ■■:< according, to the procedure of Example 1(c). The product was 
!-..;_. .. :i purified by. flash-; chromatography to afford the title compound' 
(57%) (silica, step gradient, .0-4% CH3OH/CH2CI2) . l H 
IS NMR.{CDC1 3 , ^ 400_ MHz), 8 7.36-6.76 (m,.19H), 5.65 (m, 2H),j.4.66 
(m,ul/2H), 14.51, (m,: 2H), 4.39 (m, 1/2H), 4.30 (m, 1/2H), 4.02 
(xn, 1/2H) ,. 3.68: (m, 1H) , 3.28 (m, 1H), 2.90-2.35 (m, 6H), 
2.13 (m, 1H), 1176 (m, 1/2H), 1.68 (m, 1/2H), 1.40 (m, 1/2H), 
. : - ' ■ 1.00-0.70 (m,:21H), 0.10-0.00 (m, 6H); MS(ES) m/e 849 [M+H]+. 

(3S.r f ) - (2R, 4S, 5S, l.!S) : ^5- [3r (RS) -.(l-benzyloxymethylimidazol-2-yl) - 
3-hydroxy-4-methylpentanoyl]amino-4-hydroxy-N- (l'-isopropyl- 
1 • -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl-hexanamide 
The compound of Example 65(e) (100 mg, 0.12 mmol) was 
25 desilylated by the procedure of 47 (c) to cleanly afford the 
r. : ;.v title compound; (78 mg, . 89» . 1h NMR(CDCl3, 400. MHz) "5 7.40- 
r . .. ••6.80:(m, 19H), '5.75 (m, 2H), 4.97 <ra, 1/2H)", 4.78 (m, 1/2H) , 
4.51 (m r 2HV 3.94; (m, 1/2H),.. 3.85 :(m, 1/2H), .3.51-(m, 1H), 
3.21 (m, 1H), 2.97-2.43 (m, 6H);2.00 (m, 1H), 1.60 (m, 1H) , 
-30- --:1.43 (m, 1H)>; 0 .97r0 l49. (ra, . 12H) ; MS(ES) m/e 735 [M+HJ+; 

X\tLt9»'r.gh (2R,4S,5S',l , S)-5-:[3 (R),- (imidazol-2-yl) -3-hydroxy-4— 

methylpentanoyi] amino— 4-hydroxy-N- (1 '-isopropyl-1 •-imidazol- 
:^!J...j- .^-yDmethyl-e-phenyl^-phenylmethyl-hexanamide; and 
-i'35 <. j. i (2R, 4S, 5S, 1 ;'» S) -5^ £3- (S) - (imidazol-2-yl)-3-hydr6xy-4- 

- [v : ...t, methylpentauioyl]amino-4-hydroxy-N-(l , -isopropyl-l , -imidazol- 
>;l.j . {.2-yl)methyl-r6-phenyl-2"rphenylmethyl-hexanamide •-. 
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Using the procedure of Example 47(d) ,* the compound of 
Example 65(f) (72 mg, 0.98 mmol) was hydrogenated'to afford a 
. diastereomeric mixture of the title compounds . The mixture 
was purified by flash chromatography ' (silica,^' isi:e^' ! gradient, 
5 0-8% CH3OH/CH2CI2) to affotd tail fractions/ containing the 
pure diastereomers (35 mg totaly 58%V. xiosr.yi- * l) ; 

Isomer 1, last eluting, (2R r 4S f 5S f l f S)^5--[3-(R)-(lE-- 
Imidazol-2-yl) -3-hydro^-4^methylpentylamido] -4-hydroxy-N- 
(1 *-isopropyl-l '-imidazol^-yl) methyl-6-ph^yl-2- * • 
10 phenylmethyl-hexanamide.v *H NMR(CDCl3,"; 400! MHz) . 8 7.35-6.82 

(m, 10H), 6.93 <s, 1H) , 6.84 (s, 1H) , 4.42 )(d/- 1H/ - J«9 Hz), 
3.77 (m, 1H), 3.40 (m r 1H)> 3.00-2.40 1 (m f 5H) V 2.14 (m, 1H) , 
1.99 (m, 1H)> 1.56 (m, 1H) f 1.47 (m,"lH) ,v0. 93-0. 64 (m, 12H) ; 
MS(ES) m/e 615 (M+HJ+. 1 .< v ) ■: 

15 Isomer 2, first eluting, (2R, 4S;5S,l , S)-5-[3(S)-(lH- 

Imidazol-2-yl) -3-hydroxy-4-methylpentylamido J -4-hydroxy-N- 
( 1 « -isopropyl-1 • -imidazol-2-yl) methyl-6-phenyl-2- , '. 
phenylmethyl-hexanamide. NMR(CDCl3, t 400 MHz) 5. 7.35-6.81 

(m, 10H), '6.83 (s, 1H) „ 6.81 (s, 1H),*4.46 (d, 1 H, J=9 Hz), 
20 3.93 (m r 1H) , 3.40 (m, 1H), 3.00-2.40 (m, 5H), 2.13 (m,:lH), 
• : 1.91 (m, 1H), 1.41 (m, 1H), 1.10 (m, 1H), 0.93-0.64 (ra, 12H); 

MS(ES) m/e 615 [M+HJ+. 10 ^-'V-V^ . ?• v-:^^ -V 

:. . " ' * Example 66-:^£::-'£> -^v-" 

25 .- . , " : .V".. V' : V '-A'-. .ivs; ,".'* 

PT^pwra^'io n f ?K . 4S. 5S. 1 ' SI -S- T M^methoxvDhenn^Vnarhonvll- 

'-isopropv^l '-^Tnidazbl-2-vl)Tnethvl-6- 
phfinyl^- pVi^ylTnfil-hvl-hftxanaTnide -iS IV, * * 

,. . , • ,. ■ ■ ; » -3 . - -Kk. m . , ,it : 

30 a) (2R> 4S, 5S, 1 * S) -5- [ (4-metho3^phenb^) carbonyl] ainino-4-t- 
butyldimetAylsiloxy-N-[l f -isoprop^yl-i , -(N , ^ , ' ' 
methoxycarbonyl) imidazol-2-yl]methyl-6-phetnyI-2-phehylmeth^ 
hexanamide l- : ■.?•*•■■* f<. V'^sS Y- 

Following the procedure of Example? 13 (b)'??; except using 
35 p-methoxyphenyl chloroformate and- : X2R;4S/5S/'l' 9 S)'"S-aLiDBino--4--t- 
" . butyldimetiylsiloxy-N-(l. , -isopropyl-li , -imid^ 

6-phenyl-2-phenylmethyl-hexanamide; (114 mg/' 0'. 21 mmdl) , the 
title compound was prepared;: (63%) . NMR(CDCl3), 5 7.44-6.76 
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v v (m, ,20H),- 5.66 ^m,. 1H>./- 5.18- (d, 1H), 4.40 (m, 1H) , 3.83 

(s,3H) ,, 3.76V (m,. 1H) , ,'3.73 (s, 3H) , 2.96-2.50 (m, 5H) ,2.05 
(m, 5H), 1.60 (m f 1H) , 0.94 (s, 9H) , 0.79 (d, 3 H, J=7 Hz), 
■.• . 0.74 (s,;3H)y. 0'. 12. (s, "3H) ,0.11< (s, 3H) ; . ^ 

"5 1 ■<*■:. '\\ hue ■. J; ;/ ,, •■ ., . 

V" ,; b) (2R / 4S;5S / l , S)-5-(metlloxycarbonyl)amino-4-hyd^oxy-N-(l , - 

> isopropyl-ir-imidazol-2-yl)methyl-6-phenyl-2'-phenylmethyl- 
•■> 'hexanamide' ■■■:»- : >'.'■•:> «• • .■ . . =:..; ... 

i . ; Following the . procedure of Example 13(c) , except using 
10: » the confound . of Example 66 (a) , "the title ^compound was ■ • r ' 
. prepared ? (32%) .... NMR(qDCl 3 /CD30D), 8 7.36-6.84 (m, 16H) , 4.49 
. (d, 1H, J»9 Hz), 3.79 (s, 3H) , 3.37 (m, 1H) , 2.92-2.60 (m, 
- ' \ 5 ?! 2 .10-1 .70. (m, 3H) , . 0.78 (d, 3H, J-7 Hz) , : 0.67 • (d, ' 3H, 

«* , J-7 Hz) ; MS (ES) m/e 585 [M+H]+. ■:?■•..< 
v- is ,b .;• •■:< u • \ •; ■ . . ... 

••:•••,■;:•..•] ' cf. Erampl o 67 : ,-.••/. 

Preparation of (7R.4S.BS.1 'SKS-ff-Wyi^nn^r^ny^^^ 
-4-hvdro?fV-N-(l '-isopropvl-l '-JiHri a »n1-9- y l) mAfhy1-.fi- 
20 • . j phenvlmftHiyl -»»^»™^4 Hai. ..'.A . 'v , •.; ;K 

.'it?.: ! .' ' ' il - rrf' ■•' 7:'tai r ** ■' •-" ■ 

a) (2R,4S,5S,l , S)5-(t-butylandno<2arbonyl)amino-4-(t- 
* »butyidimethylsiloxy)-N- (1 •-isopropyl-l '-imidazol-2-yl) methyl- 
o<;.j'- ;6-phenylmethyl-hexaioide- '•" Lv.. Of*-. ; .: \ 

-. 25 Vf.' : . The compound of^Example 13(a)" (0.13 g, 0.24 mmol) was 
3 c> x 'dissolved -In dichloromettianei (3 * mL) and^t-butyl " isocyanate 
: > (0.028 g, ,0.29^inmol) vwas added. After stirring at 30°C for 
^ h ':- 18:h,. the %solvent was removed under reduced pressure and the 
0C . '■. uresidue was "chromatographed (silica, '2:3 ethylacetateihexane) 
v 30 Jto give the title "compound as a white solid (0.12 ; g; 77%) . 
;L>: ' v NMR(CDCl3)i,( 8-7.~35-7.05.' (12H,- -m) , -6.85 (2H, s)V 4.69 ; (1H, d, 
J=9 Hz), 4.60 (1H, t, J»8 Hz), 4.38 (1H, br) , • 4 .24 (1H, q, 
J=8 Hz), 3.66 (1H, dd, J=4 Hz, 10 Hz), 2.95 (1H, dd, J=9Hz, 
13Hz),~2.73(2H, m) r ; 2'.54 (1H, .dd, J«=5 Hz, 13 Hz) , 2.42 (1H, 
35 m), 1.82 (1H, m), 1.67 (1H, m) , 1.22 (9H, a}, 0.93 (9H, s) , 
£»ai:r 0.84^ : <3H, ;d, :j^7 Hz)", 0.79 (3H, d, ^ Hz);: 0.08 : (3H, s)^ 
0.07^(3H,^s)';^MS(ES)"in/e 643.4 IM+H]+, .' ..v. - 1 ' :^ 
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■ , b) (2R, 4S, 5S, 1 • S) -5- (t-butylaminpcarbbnyl) amino-4~liydroxy-N- 
„ : . (l^isbpropyl-l'-imidazol^-y^me^ 
fi V i hexanamide..' c:; ■ *"*--• •. ifll 03.1 ,0^ ^) 

The compound) of Example 67 (a).I (O.OSSSg^.O.OS mmol) was 
5 stirred in dry THF (0.25 xnL) and tetrabutylammonium f louride 
(0.25 mL, 0^25 jmmol) in ^THF was added; After 18 h^'at 50°C 
the reaction was cooled/ diluted with i ethyl .acetate (25 mL), 
washed with water (5 mL), and dried (MgS04)v;jA. The- combined 
;:. organic extracts were filtered and' concentrated In vacuo. 
10 < Chromatography I (silica, .1:1 ethyl cacetate rhexane) .■ i gaveo the 
title compound as a( white -solid *V(0'. 018;g; > 66%^* v*Mip 226°C 
(dec); NMR(CD30D) t 5 7. 37-6* 90, (10H> m);,n 9.0 ^(2H, v !.s) / 5.8, ? ; 
(1H, d, J=9 Hz), 3.71 .(1H, t„ J=7 Hz) /) 3.52. J(1H,, d,*! J-9 Hz), 
2.75 (4H, m), 2.53 (Iff/ dd, J-4c Hzy, 12:;Hz) > 2'.03 J(1H, m) , 
15 1.76 (1H, m), 1.66 (1H, m), 1.22 (9H r s), 0.79 (3H, d, J«7 
Hz), 0.67 (3H, d, J=7 Hz); MS(ES) m/e 534 [M+H] + - 

20 Pr-opa rah in n n-F . 4fi . SS . V SI -5- ftngf.hvl ami nona rhonvl 1 - ,. , 

PTn-i no-jl-hydroyy-TJ- M '-isooropyl-l '-ifflldagol-g-vl)inet-.hvl--6-- 

phfinylTnethyl-hftynnamirift. . .. .;- : - i.^t\:^ ,^ u 
.. . .,■ Following the procedure- of Exanples^ 67 (a) r67 (b> f except 

substituting methyl isocyanate, for ^t-butylisocyanate, the 
25 title compound, was prepared (0.075 mg f ,51%) .;>i'Mp 253°C r(dec) ; 
: .NMR(DMS0d 6 > .87.78 !( (lH / .d r ,J=9 s Hz) : ,. i7;.80r6; : 96 £ ,(llH,:.m), 6.88 

(2H, -s)> 5.78 (lH,..d, J»5 Hz), 5.'72 .'(lH/.l'dr** ^J^HzT* 5 ' 4'f84 vi 
... (1H, d, • J«4 Hz) ,. 4 . 65 (1H, . m)., 3 ; 68 , (lH r ' c q, J-7 Hz) > 3.44 
(1H, br), 2.74 (3H, m), 2.58 (1H, dd, J=7 ;Hz, -13 :Hz) , 2.50 
30 (3H, s), 2.41 (1H, ; d, J-8 Hz) r , 1.92 3 (1H, ? mK- 1-.46 (2H, m), 
... 0.72 (3H, d, J=7 Hz), 0.63:(3H^ d, J-7'.H2),;;.l^(ES)!?ni/e 492 
; [M+H] + . p , :!s •.. |!5 r) Oi.f- , i ZS:. 

Pr-goarar-trm of r?R.4S.5S. l » SI rphiitrfvl jHift nnr'aV^nyl-Vainf no«4» 
hvrirnifv-W- M snnronvl-l «-lmf ria^nl -9-v7 > mpf hyl -fi— ,; } 
pht»nylm<»thyl-hf>yaTTiide 
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- F llowing ; the procedur of Examples . 67 (a) -67 (b) , except 

substituting phenyl isocyanate for trbutylisocyonate, the 
title compound was prepared (87 mg, 79%) . Mp 273°C (dec) ; 
. NMR (DMSO-dg) , 8.50 (lH;s), 7.81 (1H, d, J-9 Hz), 7.34-6.83 
5 (18H, m), 6.07 (1H, d, J-9 Hz), 4.99 (1H, d, J-4 Hz) , ,4 .65 
-.Li..:;. (1H, .t/ J=8 : .Hz),..3.75 <1H, ]n) , 3.52"(1H, br) , 2.77;(3H, m), 
-i. ^. - 2.66 (lH,;,,m)-, 2.42: (1H, d, .. J-7. Hz), .1.89 (1H, m) , 1.50 (2H, 
m), 0.68 (3H, d, J-7 Hz), 0.61 J3H,d, ; J-7 Hz); MS (DCI/NH3) 
ui/e, 554.3; i[M+H] + . . • K , .... .,= i . . 

-i>.V ••■ •;■.:■ :*. . v - . ; :ExainBl£_7J0L: • 

(: - f 2R , 4.?. Bfi , V «> -5-N- ftpronvl nnH nn^rhnny] ) am j no-d -hyrtroxy-W- 
■ic. - ■ (1 '-ifiopronvl-l '-iTnlda^ol-P-vUTnAfrhYi-g-nhAnYi^Kyf - 
15. , hftxanrifte. . , \ " 

, i 1 .c.v : ; Following the ■ procedure of Examples 67 (a) , except 
•. : ; ^substituting „n-propyl isocyanate - for. t-butylisocyanate, the 
title compound was prepared (0.048 g, 54%) . Mp }247-9°C 
(dec); NMR(DMSO-d6) 57.75 (1H, d, J-8 Hz), 7.23-6.94 (11H, 
20 m), 6.85 (2H, s) , : 5.87^(1H, t, J-5 Hz)', 5.65 (1H, d, J-9 Hz), 
4.82 (1H, d, J-4 Hz), 4.64 (1H, t, J-8 Hz), 3.66 (1H, m) , 
3.38 (lH,-br),. 2.87; (2H,q, J-6. Hz), 2.74 (3H, m), 2.56 (1H, 
dd, J-7 Hz, 13 Hz), 2.39 .(1H, d, J-7 Hz), 1.91 (1H, ml, 1.43 
(2H, m) r 1.28 (2H, q, J-7 Hz), 0.77 (3H, t, J-7 Hz), 0.71 
.- ;25. .(3H, ;d, J=7 Hz) , 0 . 62 (3H, . d, J-7 Hz); MS (CI) m/e 520.2- 

"»..'U.£ h-:r.u::-: ■■. ■■■if.. - J. • : r ::. ' ■ •• 

ivti i :;.<■.}% EjjcamplaJLL .-. ., ■ , 

hvdroxv-N^n 'isnpronvl-i '-<m<ri a roi-9-vi^^ Y i- ff - . . 
•.phftnvtmfti-hvl-hffvaiiiirtA. 

; : - "b: 'Following the^method of Example 67 (a).-67 (b) , except 
* V> fusing n-propyl thioisocyanate/ the title' compound' was 
.: ^. 35 , (prepared (0.012 g,/21%).. ; . Mp ; 195-7°C (dec); NMR (CD3OD) 8 
, ? .'7.32 T 6.86 (12H,:m),. 4.59 (lH f m), 3.64 (lH, br), 3.34 (2H, 
(br), 2.79 (5H, m),.2.03 (lH^m), 1.73 (1H,) m) , 1.58 (3H, m) , 
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0.92 (3H, t, J=7Hz), 0.83 (3H, d, J=7Hz) 0, -68 (3H, d, J=7 
Hz); MS (CI) m/e 536.2 tM+H] + .- - i« ■ 

• • Example 73- !j 

s . . . .;: •"" • * j>.cft£.;w\VAA>? d' ' • 

,. preparation n-F 4fi r *fi r 1 ' SI M soprripyl nininoftarbonvl) - 

Following the method of Example -67 {a) (b)V except 
io substituting isopropyl isocyanate for t-butyl isocyanafe, the 
title confound was prepared (0.034g f 46%). NMR(DMS0-d6) 6 

7.78 (1H, d, J«=8 Hz), 7.24-6.97 (11H, m) , 6.85 (2H^sj> 5.74 
: (1H, d, J-8 Hz), 5.57 (1H; • d,'*''^- Hz )>-Uv83' : *tlH^ • d, : -J»4 Hz), 
4.66 (1H, d, J-7 Hz) , 3.62 (2H, m) ; : ^l43H;(lH^br) > 2.73 (3H, 
IS m), 2.57 (1H, dd, J=7 Hz, 13.5 Hz), 2.41 (lH^d, tf=7 Hz*)', 
; 1.91 (1H, m), 1.45 (2H, m), 0.95 :(3H,* d; ' J=6i5 Hz) , 0.93 (3H, 
, d,- J=6.5 Hz), 0.72 (3H, d, J»6.5 Hz) ,--0.63; '(3H/.-. ; d, J=6.5 Hz) ; 
■:- MS (CI) m/e 520.2 [M+H] + . - <i -a t-w.-j. ::i : 

20 r ' « Example -73, : ^ : * ; 

p^ r * A on rvF f 9tt . 4fi - Sfi . 1 « fil -S> f am* nflgarbnnvl 1 amf no-4- 
liyrirovy-W-M '-4 gonronvl-l '-iinida?:o1-2-vll fflftthvl-6- b 

25 The compound of Example '67(a) "(0/050%/ '0;0^ 

dissolved in triflouroacetic acid (2 mL) and stirred at 50°C 
for 2 h. After cooling, the reaction mixtute was poured into 
saturated sodium bicarbonate solution (50 mL) and was 
extracted into ethyl acetate (100 mL) . : The organic solution 

30 was washed with brine, dried (MgS04) and the solvent ' removed 
under reduced pressure. ^ -Chromatography of the residue 
(silica f 19:1 dichloromethane:methainol) gave theVtitle 
compound as a white solid (0..036 g,* 80%) ;^ Mp 235°C (dec) ; 
NMR(DMSO) 8.7.82 (lH,,d), 7.30-6, 90;. (11H, m)> t 6.85 (2H # d) , 

35 5.88 (1H, m), 4.86* <1H, d), 4.67 rr (lH, t),* 3.67 (1H/ m) , l 3.45 
(1H, m),2.75 (3H, m) , 2.60' (IH/m); 2.43: (1H; m)>:i.94 (1H, 
m), 1, 49 (2H, m),.0.73 (3H, d) , 0.62 (3H>> d) ;• MS (CI) m/e 
478 [M+H] + . 
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O.'v . •■■ ;f(, »/ : • : J * : •'. *« • 'i . 
..r.r- :-' - Example 74 

, Preparation Of f?R.4fi.SS.1 rfi-gtHnnlinylinpf -h^nyy^ 
V 5 r carhonvl)amino-4-hvdroxv-N-n *€vp™pvl-y-1m ia*vif%l-9- 
.;; vl)Tnftthvl-6-phftnvlmel:hvl--hftxanaTnjdf> ; 

r Using. the, procedure of Example 34/ except substituting 

• ,L (6-quinolinylmethyl)-(4rnitrophenyl) carbonate for (4- 
■:.?!•': \picolinyl)-(4-nitrophenyl) qarbonate, the title compound was 
10 prepared. . 

. „ v Example 75 

Preparation of -72ft.4fi.5sr.'l«sn-S^^ 
IS fl -M flOT>rOPvl-l ^imtdagol^vl>Tn^hy1^6^h^n Y lTnA^hy1-. _ ; 

hftxanamidft r K : 

i ■: 1 a). ,(2R / 4S / 5S r llS)-S-behzoyl)aminoM-t^ . . 
{ butyldimethylsiloxy-N- (1 f -isopropyl-l , -ixaidazol-2-yl) methyl- 
^0 -^6^henyJ^thy^ 7 »' ■'<•." 3 : . 

t) 0: s> The compound: of I Example 13(a), (0.11 g>. 0.2 mmol), 
<7b v it benzoyl chloride .' t( 0 .02 5 . i g,. < 2 • 2 ' mmol ) . and ■'. . . i v 

, bdi(isopropyl)ethylamine (0.026 g, 0.2 mmol). were stirred 
together in dichloromethane (4 mL) at ambient temperature for 
25 48hr. The solvent was removed under reduced pressure and the 
residue chromatographed- (silica, 1:1 ethyl acetate: he xane) to 
yield the title compound as a white solid (0.080 g, 61%). 
7;V^*aN^ 7.40-7.04 (11H, m) , 6.93 (2H, d) , 

6;69 (2H; s), :6.59: (1H, d) f 6.37. (1H # . d), 4.54 (2H, m), 3.68 
30 (lH f t) r 2.78 (2H, m) , 2.66 C2H, ra)> 2.39 (1H, dd), 2.13 (1H, 
nxe* ; > m) r .i.623.f2H f .' t) , :0.87 <9H, s>, 0.53 (3H, d) , 0.48 (3H, d) , 
jdJ :0.02 (3H/ sj^.0.00 (3H,, s) . : : . - . 

, «._••■• » :. . . u. .v . . . f, j:. . * * • ; . i : 

^ . b)- •(2R;4s;ss r l , -S) -5- (benzoyl) amino-4-hydroxy-N-(l f - 
, (i35 isopropyl-l!-inddazol-2-yl^^ 

.S y {. * The. compound ;.of Example 75: (a) (0.080 g, 0.12 mmol) was 

v dissolved in\THF (1 mL) ;and to this was added . tetrabutyl- 
ammomium fluoride, 0.16 mL; 0.16 mmol, 1M solution in THF) . 



WO 93/02057 



... PCT/US92/06047 

- 118 - 



After stirring at 40°C for 24 hr, the solvent was removed, 
under reduced pressure and the residue was chromatographed 
(silica, step gradient, 1:1 ethyl acetate :hexane, 9:9:2 ethyl 
acetate :hexane: methanol) to give the title' compound as a 
. 5 .: white solid (0.051 g, 79%) Mp-253 £ 6?d;uNMR(DMSCh-d € ) 6 7.99 

(1H, d), 7.91 (1H, d), 7^2- <2H/ d)7*7*5O-7i02; (13H, m) , 6.94 
(2H, s), 4.83 (1H, br), 4,68 (1H, d) , 4:14 (1H, m), 3.58 (1H, 
d), 2.82 (4H, m), 2;49-- (1H/ m)> .US^Hlk^^.'l-.lS,- (1H, t) , 
1.40 (1H, m), 0/73 (3H, d)7 0.63. >(3fi; d) ; MS :(ES) m/e 539.2 
-10 [M+H]+. : .'-•-Vi-;': 1 » or. ■■ 

Example 76 

Preparatio n nf tin . 4S . SS . V fi) -5- ( 2-furvlnarhonvl ) aniino-4- 
15 hYrii-ftVY-yr-fl '-isopropvl-1 '-imj(1a7;ol-2-viyn)ethvl-6- ) , i 
phgnylmel-hyl -hexanamide .. \*,r 

Following the procedure of Example 75(a), except using 
furoyl chloride in place of benzoyl 'chloride/, the title 
\ compound was prepared as a white solid:. i(0; 01?:;gr//18%) v Mp 
20 212-3°C (dec); NMR(C2)Cl3/CD30D).f8^7.46r(lH,;i ! s), ^30-6.88 

(12H, m), 6.85 (2H, s) , 6.49 (1H,j m)>>:4.48 (1H, d), 4.20 (1H, 
m), 3.67 (1H, m), 2.96 (4H, m)y)2.77M(2H, m),1 2;58s (1H, d), 
2.07 (1H, m), 1.71 (2H, m), 0.74 (3H; id) iv. 0.65. (3H>;d); 
MS(ES) m/e 528.32 [M+H] + ..> ^:J.(\ : }^ :l -ip'.:^.^: ' 

25 ;.-...«. •■ ■ ■'<:■■■;. •• ::<V3YJ c: i^u..* <;r. 

jExamplft 77 ,> w .<-.. 

Preparer™ r>f OK. 4fi. Sfi. 1 «R1 f4-i«>1»nnryhftn*ovl Vamino-4- 
. nyrti-ttvy-W-M «-4 IsnpyrtpyT-l »-tm<ria?:ft1-g~Yl^iiiefrhvl«-6- ■> 
30 pnony1m«>i-hv1~WanaTnid<> ■ ' /fv'^ViS^^r^f 0C 

Following the procedure, of Example, 75 (a)', . except using 
4-methoxybenzoyl chloride in place of benzoyl : chloride, the 
title compound was prepared as a white solid (32%) . Hp 235- 
7°C (dec); NMR(CDCl3/CD 3 OD) 5 7:64; :(2H,>;d);, 7.22-6.87 (14H, 

35 m), 6.80 (2H, m) ,- 4.52. (1H, d)V'4?16: (1H; =m) , 3.81i(3H, s) , 

3.62 (1H, d), 2.92 (2H, d) , 2.72 (2H, m) , 2.53 (1H,. dd) , 1.98 
(1H, m), 1.73 (1H, m) , 1.63 (1H/ m) , '0.71-' (3H; d) ,i0.62 (3fl, 
d); MS(ES) m/e 569.4 [M+H] + . :*.. ;• v m. 
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..: -fi.-c.;- - .. t v ). :v. : - ■;,:Examplf} 7B ? ; ... • 

Preparation of I2B.4B.SS.1 'S^-S-VtAn^ylriarhonvl 1 Hm-tno-d-. 
5 , :hvdrQxv-W~/l '-isopropvl-l '~jmida y .o1-9~yl^m^hYl-fi- 
{;.■; .phftnyliMtMiyl -hpyamJ . , 1V ... 

■ - « ( ; ;«b?.. -..(;• ?)S0.'t;> .n?' •ji-.-.'j ; :i x - . / ,0 ;J 
••ilt .a). ' (2R,.4S, 5S,.l \S) -rS-benzylcarbonyl) amlno-4-t-butyldimethyl 
Ci. - . =. silo3cy-:N-: (1 !<-isopropyl-l *-iniidazol-2-yl) methyl- 6-phenylraethyl 
10 -hexanamide.ii'.i ,.;iY . -. ■•• .- .-. - . « . 
ror f .^..Following -.the procedure of Example 75(a), except using 
'» phenylacetyl chloridevin place of benzoyl chloride and 
''■ triethylamihe in place of di (isbpropyl) ethylamine, the title 
; , compound ; was .prepared as a .white solid (20%)' . NMR(CD&3) 5 

W. .:7 > .40-6l75 l(19H/.m),,.5.40 (lH,.d), 4.73 (1H, t), 4.41 (1H, q), 
l\t3 } .68. AlB f m)y. 3.48 .(2H,. s)> 2.96 ((lH, dd)r 2.69 (1H, m), 2.49 
(4H, in), 1.61 (2H, m), 0.92 (6H, t), 0.77 (9H, s), 0.04 (3H, 
s), 0.00 (3H, s). 

-20 lyb) . (2R,4S,5S, l'SyTS-benzylcarbony^amino-^hydrojcy-N-Cl/-- 
isopropyl-1 1 -imidazol-2-yl) methylT6-phenylmethyl-hexanaiM.de 
' r . The> product- of; Example 78 L (a) (0 . 018 .g, 0 . 03 mmol) was 

o;; .: .dissolved in methanol (5 mL) . and 2N hydrochloric acid 10.027 
o» . jcmL, 0.06 mmol) : was added. After stirring, at ambient 
25 . temperature for 18 h the solvent was removed, under reduced 
pressure and the residue was chromatographed (silica, 
gradient, dichloromethane/methanol) to yield the title 
i,:., t .compound (0.011 g, 66%). Mp 240-2°C; NMR(CDC1 3 /CD 3 0D) 8 

^^.^8 r 7.06.V(18J,.;n>,.-6.?8 (2H, s), 4.72 (1H, d) , 4.14 (1H, m), 
30 .;3.,67 (1H, m)-, 3, ; .54 (2H, s)> 2.99 .(4H, m), 2.67. (1H, m), 2.14 
, , ;r.)<lH / .m), 1.8.7; (lH,. m),. 1.63 (1H, m).,\ 0.94 (3H, d), 0.79 (3H, 
•:; c d),; MS (ES) ,m/e 553.2 [M+HJ+. 

Example 7Q 

;3S..i-.,;,. :■. . ;' o':.-:.'; r - •. : '• Mi i> i. .. il ' '.. '. . , ■■ 

.ii. t.. Preparation Of <?.R.4S.5S.l'S)-5^(4-YivA™*vh<*T\* nrt\ami™-a- 
c, hvdroxv-N- (1 '-isopropvl-1 '-jmiriaynl-S-vllinPrhyl-fi- 
; „phen vl mf>rh Y 1 -hexananH rte ; 
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a) (2R, 4S, 5S, 1 f S) -5- (4-acetoxyphenyl) -4-t-butyl 
dimethylsiloxy-N- (1 f -isopropyl-l r -imidazol-2-yl) methyl- 6- 
•phMylmethyl-lxexanainldei 1.^. aj: ^z^.-: ; i2 ; 

5 The compound of : Example "13 "(ay (6.11 g/ r 0v2^mmol) was 

dissolved in dichloromethane (2-"mL) > arid BbP%ea$ent (0.089 
g, 0.2 mmol) , triethylamine (0.028 mL r 0.2 mmol) and 4- 
: * : acetoxybenzoic acid (0 . 043** gr-0.24 mmol) • were / added. After 
t stirring at ambient temperature: overnight ') the solvent was 
10 removed under reduced pressure. The 'residue^t^ A H - 

•.chromatographed (silica, 49:ltdic±lorometharieimethanol) to 
give the title compound as a white, solid (0.11 «g, :*78%) . 
. ,' -KMR(CDCl3) 8 7.53 (2H, d) f 7.28-6.97 .(13H>rm) f 6.83 (lH f d), 
1C 6.78 (2H, s) f 6.44 (lH,= d), 4.54 : - (2H/~ m) * f - 3 .72 ^(lH r dd) , 2 .79 
15 (4H, m) f 2.49 (1H, dd) 2.24 ^(3H, s) f . 2'.20 -(1H^ m) / 1.70 (2H, 
: m), 0.91 (9H, s), 0.66 (3H,; d), 0.57 <(3H, &) , 0.07 (3H, s) , 

: 0.02 (3H, s) . '< - - - • v-. 

■ '"■ " • ■. h \>v,\! : ;X.: , 

b) (2R, 4S,5S, l , S)-5-(4-hydroxybenzoyl)amino-4-t-butyl 
20> dime1Aylsiloxy-N- (1 f -isopropyl-l f ^imidazol--2-yl) methyl-6- 
phenylmethyl— hexanamide • • ■ ••Y" - i'-'io:^ 

The product from reaction 79(a) (Ovllv g/'O. 15 mmol) was 
dissolved in methanol (5 mL) / and powdered potassium -carbonate 
(0.12 g, 0.9 mmol) was added. ^.1 After *stirringj the suspension 
25 : vigorously for 2h, the mixture was i filtered and the solvent 
: removed from the 'filtrate at reduced 'pressure iiVZ; ' 
Chromatography of .the residue, (silica, .:19: 19:2 ethyl 
acetate :hexane:methanol) /gave the titie^'compoiind as "a white 
-:, t solid (0.066 g, 66%). NMR(CDCl3) 8 .;;7 . 35; (2H,7 d) £ l.iZA-6 .98 
30' (12H, m), 6.67 (4H, m), 6.32 (1H, d), 4.63 (2H/ m),3.76 (1H, 
dd) > 2.78 (4H, m) # 2.44 ) (iH, "d) , 2.12 < (lk, m) ,''1. 64 ) (2H, m) , 
0.88 (9H, s), 0.44 (3H, d) ; ? 0;32 (3H, d)> 0!;05- (3H,^s), 0.01 
(3H, s) . . 

35 c) (2R, 4S, 5S r l f S) -5- (4-hydroxybenzoyl) amino-4-hydroxy-N- (1 
. isopropyl-1 • -imidazol-2-yl) methyl-6-phenylmethyl-hexanamid*e 
Following the procedure of Example "75 (b)/ except using 
the compound of Example 79(b) : iri placci of tife 'cbi^ound of " 
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Example 75(a), the title c mp und was prepared as a white" 
solid (57%). Mp 267-r8°C (dec); NMR(CDCl3/CD 3 OD) 5 7.57 (2H, 

L'.:..< 1 )f 7 -3 3 - 675 C1JH, m), 4.48 (1H, d) , 4.14: (1H, m) , 3.58 (1H, 

d) ', 2 . 90 (2H, m) , 2 . 82 . <1H, m) , 2 .73 (1H, m) , . 2 .53 (1H, dd) , 
5 2.04 (1H, m), 1.65 (2H, rn), 0.73 (3H, d), 0.58 (3H, d) ; MS 
..... » (BS) \ m/e j 555 . 2 '■ [M+H] + . 

/... <;. .... f . Fixamplft 80 ,., 

10 PrgparaUnn nf fgtt. 4S. SS. 1 'SI -S- (dnnamovl) aTnlno-4-hvdroxv-N- 
(1 '-Isoprnpyl-I '- •fmjda7.ol-2-yl^methvl-6-phenvlmethvl- 
-n . hexanamide : J . . . :. - -VV 7 . / ... i 

. ' . Following the procedure of Example 75(a), except using 
cinnamoyl chloride in place of benzoyl chloride, the title 
15 compound was prepared as a white solid (25%) . Mp 273°C; 

NMR(CDCl3/CD30p)..5 7.55-:6.91 (19H, m) , 6.86, (2H, ; a), 6.53 (1H, 

d), 4.37 (lH fJ d), f 4.15- <1H, dt) , 3,62 ,(lH,,d), 2.91 (2H, m), 
,{.^2.78 (2H, m) f : 2j59,:(lH, dd), 2.04 <1H, m), 1.76 (1H, a) , 1.65 
(1H, n), 0i79,(3H,fd), 0.69 (3H, d); MS;(ES).m/e 565.2 

20:.-.. [M+H] + . (iC ••: >. .'• •.■ /I ; 

1 i . :.h :;. <:--: ,.r ..r,- v ■ ■ ;•■ . • • . •■ . 

• ■ Lj.it"- >. sc > s.-m. •j.-iV i- . Example -81 • • : i 

. ~. : :r,- ■■. • ■ :.. ....*. • ;:»• . o . • ■ 

- Preparat-tnn of f2B.4S.Sfi.1 »S>-S-/^-hvdroxvhftnznvl^amino-4- 
9?; : hyrirr.vy-W~M '-Isopropyl-l itnjday.o1--3-vl>TnftfchYl-6- , 
. i:. phftnylmp.thyl-hpyanaflvtrift. -. -«■,,;.> 

i i /), Following the procedure of Example 79(a) , except using 
. £ , (2-acetoxybenzoic>. acid J in place of 4-acetoxybenzoic. acid, the 
title .compound was prepared (50%) . - Mp 197*C;- NMR(CD30D) 5 

30 7.77 (1H, d), 7.42-6.78 (17H, m), 4.62 (1H, d) , 4.32 (1H, 
>:<e; idt), s 3.71 ,(lH,. m), 2.94 (2H, m), 2.78 (2H, m),, 2.57 (1H^ m), 

2.03 (1H, m), 1.84 (lH, m), 1.67 (1H, m) , 0.82 (3H, d), 0.68 

(3H, d); ( MS (ES) f; m/e 555.2 [M+HJ+. 
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..;tv Bramplis 82v Vi*) j^'- a^juwtf:/ 
; . . ' • • •. -\"r ". . C.»i ;.£ '.v. 

* PfApaT-ahion fgp.-4s:ss;i 's^.S-Yi m ida^oVt-4^vl-acetvl) amino- 
'■■ 4-hYdroxY-W-/l , -j «npTopYl-l , -imi<j'azdl-2-vl>mWi:hvl-6-- . 

g : p^nY 1 "'^^^^"" 1 ^ ' 0 1 , •••• r ' :1 '' JC) * rt *. s ' 

Following the procedure of : &cample ? 79(ai-79(cj except 
using (imidazol-4-yl) acetic acid in .place . of 4-acetoxy 
benzoic acid, the title compound was prepared. 

• ' „ . 

Preparation o f f2R. 4S. 5S. 1* S) fc-butoxycarbonvl) aMno-4- 
hydroxv-tt-n «-iso propyl-l t -r4wearboTnethoyvet:hVl <Tnidazol-2- 
y m methyl - fi-phenyl-2-phen vlmethvl-hexanamide? .v e : . a ir 

a) (IS) l-c^rbobenzyloxyamino-l-^ 
. : carbomethoxyethyleneJiiiddaLzbl^-yl) ]methiane • • * 
• The confound of : Example 27(b) *<ifi0. m^ 
lithium chloride (28 mg, 0*66 mmol) ahd^' « V:'.P 
20 trimethylphosphonoacetate (61 mg, 0.33 mmol) were ^dissolved 
in anhydrous acetonitrile (2 mL) . 1,8-Diazabicyclo [5.4.0] - 
undec-7-ene (55 mg, -0.36 mmol) was added and the reaction 
mixture was stirred at room temperature overnight. The 
~ r - solvent was removed under reduced .pressure and the - residue 
25 was purif ied by flash chromatography: (silicaa, ; 2%'imethanol/ 
dichloromethane to afford the title ^compound. (72^ mg/ 61%). 
. NMR(CDCl3) 5 7.60-7.10 (6H, m), 6.50, (1H /V br s) , 6^10 (1H, br 

s), 5.15-4.95 (2H, m), 4.50 (1H, brrm)/i3.75 (3H, s), 2.30 
1 " (IHr'br* m) , a . 10-0 . 80' ' (6H;-ym)=r--MS'- m/e ••358?2' J *'[M+H -t 

* b) (lS)-l-aiaino-l-isopropyl-l-(4-carbomethoxyetAylimidazol-2- 
yl)methane - * % : ; : v. ; *" v : ;! * . 

Following the procedure of Example ) 1(b) ; ^except ! 
substituting the compound of Example 82(a) for the compound 
35 of Example 1(a), the title compound was prepared. NMR(CDCl3) 
5 6.65 (1H, js), 4.40 (2H, br s) , 3.82 (1H, d, J«3 Hz) , 3.65 

(3H, s), 2.90-2.55 (4H, m) 2.05 (Iff, *m), 0.90 ! (6H; d; 
J=3Hz) . 
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c) (2R, 4S, SS r 1 !S)-5- (t-butoxycarbonyl) amino-4-t-butyldi- 
methylsiloxy-lf^ [1 1 -isopropyl-1 (4-<^bomet£oxyethylimidazol- 
2yl) ]metAyl-6-pbenyl-2^phenylmethyl-hexanamide 
5 Following the procedure of Example 1 (c) except using 

the compound of Example 82(b), the title compound was 
prepared. NMR(CDCl3) 8 .7.35-6.90 (12H, m) , 6.55 (1H, "s), 
.4*75 ,£UI, d # . J^4 Hz), 4.45 (1H, r m) 3.95 (1H, m), 3.70 (3H, 
. ^s) , 2^ 90-2.40 :(9H f : m) f 1.90-1. 60 (2H, m) , 1.38 (9H, s) , 
10 0.90-0.70 ; (15H r .m) r 0.10 (6H, d, J=2 Hz). 

v . :: .<*> . . -C2R/4S^ 5S, 1 » S) -5- ( t-butoxycar]bonyl) amino-4-hydroxy-N- 
r v: : ;|1 , -isopropyl-l f - ^(4-<^bomethoxyethylimidazol-2-yl) ]methyl-6- 
phenyl-2-phenylmethyl-hexanamide . . 
is •: . . » Following; the procedure. of Example of 9(d) except using 
; the compound,, of Example , 83(c) , the title compound was 
prepared/ NMR(CDCl3) 5 7.30-6.90 (10H, m), 6.55 (1H, s), 

5.00 (1H, d, J-4 Hz), 4.45 (1H, m) , 3.70 (3H, s), 2.95-2.50 
(9H, m), 2.25. (1H, m), 1.80-1.60 (2H, m), 0.85,(9H, s), 0.70 
20 (6H, d, J-3 Hz); MS m/e 621. 4. [M+HJ+. 

. .-■ ; c ^ • Examplff 84 - • 

.Preparation Of (2R. 48. SS. 1 «S^-S-/f-H,^nvyffar>)nriYl ^m4n^i»- 
25. hvdroxv-N-ri '-ifiOProPVl-1 

7 ; ;,a) >;; (lS). r l-car^^ 

b . (hydrazinocarhonyl) iinidazol.— 2— yl) ] methane 
.30 Anhydrous hydrazine (47 jiL, 1.5 mmol) was added to a 

solution of the compound of Example 26(b) (100 mg, 0.30 mmol) 

in anhydrous methanol. The resulting mixture was stirred 
^overnight at room, temperature and concentrated under reduced 

pressure. The residue was partitioned between ethyl acetate 
35 and 10% aqueous. Na2C03 and the organic extract was dried over 

Wa2C03 and evaporated under reduced pressure. The residue 
; ./..was purifi^^ (silica, 4% * 

methanpl/dichloromethane) to afford the title compound (52* 
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mg, 52%). NMR(CD30D) 8 7. SO (1H, s) , 7.30-7.20 (5H, m), 
* 5.00-4.90 (2H, m), 4.45^ (IH/d; J-^BzV', '2.10 '(IH/'br m), 
0.95-0.75 (6H, m) ; MS m/e 332.2 [M+H] + ~ v * u v 

5 b) (lS)-l-carbobenzy^^ 

azidocarbonyl)imidazol-2-yl] methane 

The compound of Example 83(a) was dissolved in 2N HC1 (1 
mL) and glacial acetic icid (0.2 mL) and cooled in an ice 
bath. A solution of sodium nitrite 1 (li mgV''b;16 niabl) in H2O 

10 - (200 |XL) was added drppwise. , j The* reaction *mixtULre 'was 
stirred for 0.5 h, neutralized with cold concentrated 
ammonium hydroxide and extracted with 4 ethyl 'acetatei : The 
organic extract was dried' over Na2C03' and' the K sblveht removed 
in vacuo to yield the title con^ 

15 NMR(CDCl3) 5 7.75 (1H, • s) , 7;35-7.20 (5H/ m)> 5.20-5.00 (2H, 
m), 4.62 (1H, br m)/2.60 (lHbr m) f 1^10-0^80 v (6H; ;; m) ; IR 
2123cm- 1 (CON3) . ' ' " • 

c) (lS)-l-cetrboben2ylo3T^amino-l-isbpropyl-l-(4- v 

20 caxboxamidoimidazol-2-yl) methane 

The compound of Example 83(b) was dissolved in 2 mL of 
ethyl acetate and stirred with of concentrated ammonium 
hydroxide (1 mL) at 0°C for 0.5 h, then at room temperature 
overnight. The reaction mixture was ''diluted -with H2O, 

25 extracted with ethyl acetate, and '-'drlieid^o^r^N^&a* ^ e 

solvent was removed in vacuo and the residue' was purified by 
flash chromatography (silica, 4% methanol/ dichloromethane ) 
to afford the title compound (50mg, 100%) . NMR(CDCl3) 5 7.45 
(1H; s) , 7.25-7.10 (5H, m) , 5.00-4.85 (2H; ; m)/ 4135^- (1H, d f 

30 J«3 Hz), 2.00 (1H, br mi) \ "0.90-6170 ' (&T^'V'fe m/e' 317.2 

. [m+h] + . ' ■■■ • : •* :? Vr ' 

' d) (IS)-l-amino-l-isopropyl-l^H 
yl) methane. v . " 

35 Following the procedure of Example 1(b), except 

substituting the compound of Example 83(c) for. the conqoound 
of Example 1(a), the title comp und waVprepared. *NMR(CDCl3) 
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•\ : -i) • Example 85 

5 7.45 (1h/ s), 3.47. (1H, di'J-3 Hz), 1.80 (1H,' br m) , 0.75- 
. 0.60 (6H, m) 

.. x e) ; <2R, 4S / 5S / l , S)~5-(t-butoxycarbonyl)ainino-4-t- 
v 5 .butyldime^ .. 
i,. carboxaroldoliidid^2olrr2-yl) ]methyl-6-phenyl-r2-phenylmethyl- 
. -f .,„ hexanamide ,, > f <t , ,.\ .. . , ;. r . 

. ,f . Following tie procedure of Example 1 (c) , except using 
v the. compoundjOf Example 83 (d) , the title, compound was 
10 prepared. l^JR(CDCl3) 5 .7.50 (1H, s), 7.45-6.90 (11H, m), 

; ., l; 6 . 25, : <1H, d, J-4. Hz), , ,4 .50 . (1H, &, , J-6Hz) , ,. 4> 10 . (1H, br. m) , 
•A.-.) ■■>-. ,3.60;..(3J5» .2.90-2.40 (5H, m),1.90. (1H, br.m), 1.70-1.50 
i) f J. < 2 ^ br .^>' . l- 3 5 (9H, s) r r 0.90 (9H, s) , 0.70-0.60 <6H, ;m) , 



to 



0.10 (6H, m) . 



f) (2R,4S,5S,l , S)r5-(t^utoxycaxbonyl)am^o-4Thydroxy-N- 
[1 '-isopropyl-l '- (4-carboxamidoiinidazol-2-yl) ]methyl-6— 
. . phenyl-2rpheny^ethyl~hexanaiidde ; ■ . 

- a • .?? 1 i°^ il ??o^ n ? procedure ..of . Exajmsle.. 9 J[d) , except using the 
..;20 compound . of . Example 83(e). ,the title compound was prepared. ■ 
0 ^. J:;i ^icD^)gJj4S' <1H,' 8), 7.25-6.85 '(10H, 'a)., 4.50 '(lH, d, 
on;; • ; s J-6 . ; Hz) r;i 4a0 : . (lH^ m), 3.60 (1H, m)> .2.85-2.50 (5E, p.) , 2.00 
^ (lH,fbr m),^ 1.80-1.50 (2H, m)> 1.30 (9H, s), 0.80-0.65 (6H, 
j m); ...MS m/ej.578.2 b tM+H]t.. ...... 

ih Preparation of f2R.4S.5S.l«S>-g- P hftnv1inethvl-4-hyrfrflw~S-r';- 
: ( 1-oxopropvl > -2-thiagolvl> »m< no) -6-rfrAnvl-N- f 1 « -j sonronvl-l ' - 

j,tMoureido^-phenyl-N^ (imida20-r2-yl) )methyl- 

. ..hexanamide m , * ; : _ ^ 

A solution of . ^benzoyl, isothiocycuaate (prepared from 
35. .ammonixim: thiocyjMjat^ v (147 mg f . l.,93 >onol)> and benzoyl chloride 
;fI ,(257 mg, 1.84 v .mmol)^in of acetone (10 mL) according to the 



WO 93/02057 



- 126 - 



PCT/US92/06047 



procedure of J". Jlmer. Chem. Soc. , 56, 1408 (1934)) was 
treated with a solution of (2R,4S,5S, l , S)-2-phenylmethyl-4-t- 

butyldimethylsiloxy-5-sua^ (l v -isopropyi-l ' - 

(imidazo-2-yl) } methyl-hexanamide (1.0 g, • "i . 83 mmol) ' in 
•5 acetone. After 20 min at 23°C, the solvent was evaporated, 
and the residue was" dissolved in 'diethyl? ether'; ' The ether 
extract was washed with water, dried} 'and* the 'solvent was 
evaporkted. This residue was v dis^olvecf'iSL of M66R } 'X25 mL) , 
treated with 2.5N NaOH (0.1 mL) and heated tx?^&*C for 30 

10 min. The solvent was evaporated; ah& ih^'-resikuewas 

dissolved in EtOAc. : ? The br^^ with 
water, dried, and the solvent evaporated. The residue was 
chromatographed (silica, 5% MeOH/CHCi3> to yieid-fche title 
confound (520 mg, 47%). HMR(DMSd) 5-7.80 Hl&p&N '7-35 (1H, 

15 d), 6.70-7.20 (15H, m), 4.69 "(lHi?'t)y 4^54 tlH? m)/<3.78 (1H, 
m), 2.72-2.86 (3H, m) f 2.54 (Ih, dd), 2;4fc (iHj dd)? 2.04 
(1H, m), 1.82 (1H, m), 1.30 (IH, m) , 0.92 (9H, s) f 0.86 ; (3H, 
• d) / 0.74 '-(3H f d)', 0.15. :'(6H f ^ d) . ■ "? J & ^> \i$ 

20 b) dimethylformamidino derivative ?'o£ 4 ^iMyASy§S}i^S)^2r' 
1 ' i: ph^ylriethyi-4-idime^ silyloa^ 1 

- : phOTyl-N-(i ,L isoprbpyl-l^ 

? ' A solution of "the compound of Example 85 (a) ' (122 m$; 0.2 
• v mmoi) and dimethylf brmamide ; dijnethylacet^i mmol) 
25 ^in CHCI3 (2 nfltf 5 was -stirred ■ £i " 23°C v for "&6 ' K : " ^^e'- r sblvent 

and excess reactant was removed un ! d£r ifigh' vacuum, ; and the 
residue was chromatographed (Florisil®, 2% MeOH/CHCL3) to 
yield the title compound (100 mg, 76%) . NMR(CDCl3) 5 8.82 

- : (IH, s), 7105-7.46 (i2H/m) ! > 6Wi~ A (&i br r sr> 0 : 6V(50'^ : VlH r d) , 
30 5.32 (1H, W> 4. 66 (IH, icfd) V 3;88^(lH; J <W)V^^14 : ^3H; S), " 

3.05 (3H, s), 2.70-3.04 (4H, if) ,[ 2 ; ffi J (2&^^i^€& i (2H, m) , 
1.00 (9H, s), 0.80 (6H, dd), 0.14 (6H, d) . " 

c) . (2R, 4S; 5S, 1 1 S)-2-ph^Y^ 
35 silyloxy-5- (5- (1-oxopropyl) -2-thiazolyl) amino) -^-^pfienyl-N- 
(1 '-isoprbpyl-l ( imida zo-2-ylV ) methyl-hiaxah^^ . . 
! l A solutibn of the compound of ^Example ^5 (6) c (idb mg£' 

0.15 mmol); l-bromo-2-butanone "(25' nigV"0 : ;i'65 mmol)'; 5 and 
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. -v»x ■ /-v. - •■■ tr; f ethylanlne .. (33 mg, v 0*165 wool) in acetonitrile (10 xnL) was 
- S--o:,-«^:^e*ted at^OjC^ for 3.5 h. v .The ; solvent was evaporated, and 
the residue shaken with a mixtur of diethyl ether and 
• . : ? a ^ 0 3 v j The et^er .was seperated, washed with water, 

•* .. .S.y. dried, / and:; the. solvent was i evaporated. The residue was* 

t&u f a.nixtnre. of CHCI3 and hexane to yield 
' V/iv? os^t- 0 ?; ^^i 0 ^^!^^^^'^ 5 ^ V NMR(CDC1 3 ') 8 7.75 (1H, a), 
rnt7.02r7.38x(10H, m), 6.88.J (2H, m) ,. 6.89 (lH/ br s)_, 6.70 (1H, 
- 4)./; i: 6.60 .(1H,. d) /^4.62; (lHi; t) , . 3.96, (1H, m) ,.. 3.78 ,(1H, t) , 
10 2.82a (3H,;im), 2.72 (2H, q)f 2.54 (2H, m) , 2.20 l(1H,- mj , . 2.04 
>i Ui (1H,* m), :; 1.66 (1H, m),;1.15 (3H, t), 0.96 (9H,,s)> 0.72 (6H, 
. t), 0.10 (6H,; d),. : . .. ; 

. ; ^.4) .. ; <2R,.4S,,-5S,a l'S^-phenylmethyl-^-hydroxy-S-tf-a- 
15 oxopropyl)-2-thiazolyl) amino) -6-phenyl-N- (1 "-isopropyl-1 
(imidazo-2-yl) ) methyl-hexanamide 
- A solution of rthe . compound of Example 85(c) (50 mg, 0^07 
r -j mmo l ) in 1 (2 -mL) of THF was treated with), of tetrabutyl- 

ammonium fluoride, (0.2 ;mL, IN solution in THF), 58°C for 1 h. 
20 _The.\SOlvents were -evaporated, and the residue dissolved in 
v. . -- ether. v The ; ether was. washed with water, dried, and the 

solvent, evaporated. The. residue was chromatqgraphed (neutral 
' • € alumina, : Activity,;V, impurities removed with 2% MeOH/EtOAc, 

(1 . product eluted with 5% MeOH/CHCl3) to yield the title 
v 25 ..compound. (22 mg, 55%) . NMR(DMSO)- 5 7.75 (1H, s), 7.66 (1H, 
d), 6.80-7.30 (13H, m), 4.93. (1H, br s) , 4.78 (1H, t), 3.78 
(1H, m), 3.68 (1H, dd), 3.00 (1H, dd) , 2.92 (1H, dd) , 2.86 
(1H, m), 2.80-2.90. (1H, br) , 2.76 (2H, q), 2.56 (2H, m), 2.12 
(1H, m), 1.74 (1H, m), 1.69 (1H, m), l.ZQ (3H, t), 0\80 (3H, 
:.?,i30^4)#^0..73. : .t(3H,. J d) i ..• ^s^l ; ::<■ •* .' • ?. - . ... ■.. 

, * ........ . 4 . . , 

- Example Bfi ; , 

Preparation Of fSR^S.SS.I -r?-phony1 tnf»1-hv1-4-hvrirftyY-'--f'-- 
35 (l-oxonroPvl>-2-thja?:o1v1-aTnjno--fi-.phf>nv1-TJ-.r i snpT-r^yl-l '- 
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a) (2R/4S,5S/l'S)-2-phenylmethyi-4-dlme^y^^ 

5- (2-thiazolylamino) -C-phenyi-N-^l * -isopropyl-V'-' (linidazo-2- 
yl))methyl-hexanamide. ' — 5 M ^ 

The compound of Example 85(a) (50 mg, 0.08 mmol) in 
*S CHCl3 (2mL) was treated with chlor6acetaiaehyd'e- ! (5'0 mg, 0.64 

'mmol) . After 20 min the solvent and'excess* reagent" were 
evaporated"." 1 '' The residue " was i: dissolveo^in^E^OAc; washed with 
•' ■ aqueous NaHCOij^' dried anil the ^solvent Vevaporated f J5-The' . 

residue- was^ 'chromatographed'- -'(Florisil® , ' 60% EtOAc/Kexane) to 
10 yield the : title compound (42 mg, : 83%) NMR(a3Cl3? - 5 7.12- 

•7.30(10H, in), 7.02 (lH; d), 6.92 (2H> m), 6.82 (iH) br), 
6.62 (1H, br), 6.38 (1H, d), 5.86 (1H, br); 4:58 (1H, t), 
4.00 (1H, m), 3.86 (1H, m) , 2.85 (3H, m), 2.52 (2H, m) , 2.26 
C (1H, m), 2.16 (iH, m)Y 1;68 -(1H, 5 m) ,' 0.98 • (9H/'s) , 0.70 (6H, 
15 t); 0.12 (6H, d) ; • ; - <••'''■' • v.-sjf;--,o 

b) (2R,4S / 5S,l , S)-2-phenylmethyl-4^hydroxy-5-(5-(i- 
'oxopropyl) -2-thiazolyl) amino) '-fr^-phenyl-N- (i '-isopropyl-l , - 
(iInidazo-2-yl) )methyl-hexaham^ • • : : - r..? ?. 

20 ! - Following the procedure of Example' 85 (d) , f except ''■ 
substituting the compound of Example 8 6(a) '<"£ or the' compound 
of Example 85(c), the title compound was prepared". 5 
NMRXCDCI3/DMSO)' 8 6.80-7.42=c(14B f m) ^ '6\40>/(2H^-m)t,t.'5.18 (lH f 

br); 4.74 (1H, t), 3.70 -(lH^m)V 3^62 frE?ty, u 3jG&';(2R, a) , 
25 2.88 (2H, m), 2.58 (1H, m) 2.18 ; (1H, m), *■ 1^8b~ r (ifc Y n),*i.72 
• (6H, dd). ■ «>:.V~v:!." JJ- 



30 Preparation r>f fgtt.4fi.Sfi.1 »R1-?^hwnvl^hvl^-hvrtrwfcv>-'5^f5- 
/^^darn~?-y1 U m»rhvl-.hfjYairianiirtft 

* 

• a) (2R / 4S f 5S / l , S)~2-phenylmethyl-4-t-^ 
35 ; (5-prc^yl-2-^azol^)^ 

(inudazo-2-yl) )methyl-hexan^^^ .6urA. 

A solution of the confound of Example 85(a) (120 mg, 0.2 
mmol) in CHCI3 (5 mL) was treated with 2-bromovaleraldehyde 



WO 93/02057 PCT/US92/06047 

< L - 129 - 

•i . r: v(100: mg,- 0.6. im^ to 60°C for .30 min and 80°C for 

. : .i »!i5 min.. - The solvent /and excess reagent were removed tinder 

reduced pressure .?. > The residue was dissolved in EtOAc, washed 
/! ..'^. withr a^eousl^COs,.-; dried/ and the solvent: evaporated. The 
5 residue was chromatographed (silica, 3% MeOH/CH&3) to yield 
the title compound (55 mg, 41%). NMR(CDCl3) 8 7.10-7.30 
(10H, m), 6.88 (2H, m), 6.72 (1H, br), 6.68 (1H, s), 6.60 
(1H, br), 5.60 (1H, br) r 4.62 (1H, t), 3.94 (1H, m), 3.78 
(IB, t), 2.82 (3a r m), 2.50 (4H, m) , 2.26 (lH,m), 2.04 (1H, 
10 m), 1.66 (1H, m), 1.55 (2H, sextet), 0.94 (9H, s), 0.92 (3H, 
t) , 0.70 (6H, dd), 0.08 (6H, d) . 

b) . (2R, 4S, 5S, * 1 • S) -2-phenylmethyl-4-hydroxy-5- (5-propyl-2- 
thiazolyl) amino) -6-phenyl-N- (1 '-isopropyl-1 •- (imidazo-2- 

15 yl))methyl-hexanamide. 

Following the procedure of Example 85 (d) , except 
substituting the compound of Example 87 (a) for the compound 
of Example 85(c), the title compound was prepared. NMR(CDCl3) 
8 7.50 (1H, br), 6.90-7.24 (10H, m), 6.78 (2H, s), 6.60 (1H, 

20 s), 6.18 (1H, br), 5.76 (1H, br),.4.60 (lH,.t), 3.68 (1H, m), 
3.52 (1H, m), 3.05 (1H, dd), 2.95 (2H, m) , 2.82 (1H, dd) , 
2.62 (1H, m), 2.58 (2H, t) , 2.32 (1H, m) , 1.86 (2H, m) , l.~60 
(2H, sextet), 0.96 (6H, t), 0.75 (6H, dd) . 

25... Kxanmto ftft 

Preparation Of f2R.4S.SS.1 'S>-S-/n^r.«-4n Y ^ a ni^» -4-hY^^Y-W- 

(1 '-1 nnnropvl-1 '-imidar.ol-^-vl >mf>t.hvi-6-T>hf>nviTnoi->iy i ~hAv a n.-{Hp. 
Following the procedure of Example 75(a), except using 
30 riicotinoyl chloride in place of benzoyl chloride, the title 
compound was prepared as a white solid (43%) . Mp 233-4°C 
(dec); NMR(CDCl3/CD30D) 8 8.81 (1H, d), 8.59 (1H, dd), 7.99 

(1H, m), 7.35-6.86 (14H, m), 6.7.9 (2H, s), 4.44 (1H, d) , 4.19 
(1H, dt), 3.59 (1H, m), 2.90 (2H-, d) , 2.68 (2H, m), 2.52 (2H, 
35 m), 1.96 (1H, m), 1.71 (1H, m) , 1.58 (1H, m) , 0.70 (3H, d) , 
0.58 (3H, d); MS(ES) m/e 540.2 [M+H]+. 
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. v v.i: The above description fully discloses 1 how to make and 

•>/:... use the present invention, v However* v the present /invent ion is 
; not limited to the particular embodiments* described; 
- hereinabove/ but includes all i ^ mbdif i^t ions 'thereof within 
?'»S the scope of the following claimsl^^ 

< • : : ;u) ; o :5 .Hi? &.-a' , ,hox) 

"< ) ' /:> ■ = : " . r- ^ x rs.r > e~:,r 5 

/ \ . '. ^'.j ,N ?L,^\i3 c»: 



if- J ii/:: 
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^What, : is ii claimed.,is: i _ h( 

.1.. ,. A compound of. the formula (I) : 

R 1 R2 

OH R 3 



10 



wherein: :{ ir , J} ; ; y ... , ... . 
_ • R 1 and R 3 ' are. each Independently Q, Q-Ci-6alkyl, 
Q-C2-6alkenyl f Q-C2-6alkynyl or Ci^alkyl substituted by one 
to five fluorine atoms, each optionally substituted by R 23 ; 

Q is H, C 3 » 6 cycloalkyi/ Cs-gcycloalkenyl, Ar or Het 
. ^ . is h or .OH; 

R* is R6-NR 11 - or CONR^CHRGr 7 ; 
R 5 is R6-NR"- or Rl°-NRll-; 

15 R?is ! N^R 9 ' ; 

r .?.!•...■<«.••. x i s nrUj p or S; ; . 

- R 7 is Q/ Q-C^galkyl or Q-C2-6alkenyl; 1 
■ >u ■ : i R8-'and' R9 : kre each' independently H,' OH, halo/ NO2, COR 12 , 
»• CF 3 , r >Ar, : Cil 6 alkyl-Ri5 f - or R^m^R^On, or together form a 
fused C2-4alkylene, aryl or heteroaryi moiety; 

R 10 is A-{B) n -; 
- R 11 is" H 'or Ci-^alkyl; v ! •-"> • > 

' .R^' is' R 7 , ; 0R 7 ,' NR^R 11 or an 'amino acid or -amino alcohol; 
B is an amino acid; C ! : - 
r 25 l5A v ^ ^ a -is h7 Ar, r Het, R* 7 (RlSRlSoi, Ar-W, Het-W or 

>' R 17 (R 18 R ls C) a -w; ; or phthalbyl each optionally substituted by 
ft .'' l > one 'to 0 three 1 groups l cho'sen from R 15 or ci-6alkyl-Ri5; ' 

W is^ C-O, OC (=0) , NR^C (=0) ,' SC (=0) / NR"C (-S) 'f SO*, 
" "' NR 11 S02 : or P(=0) (OR 22 ) ;' 1 ' 0 ' ' '"**" 
30 cv : >t- RiSv£ 8 v H ;.- aitro p fei.jalkoaey, ••C 1 . 6 alkyltbio, 0(C=0)Ri6, 

C-0R22, C0 2 R 22 , CON(Rl6) ; 2,' N(R22) 2/ ; NHC(=M)NH-A, I; Br, CI, F, 
OR 10 , or OH, provided that when R" is a substituent of the 
carbon adjacent to W, R 15 is not halogen or OH when W is 
OC(-O) or NHCO;' • .1 .. 

35 - Rl6 is H or Ci-6alkyl; 



20 
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R 17 / R i8 and r13 are independently: L A) H, R** or 
Ci-4alkyl, C2-6alkenyl, phenyl, naphthyl, C3-6cycloalkyl or 
Het, each optionally subs&fcutied by ' one' feS' three -R 1 ^ or 
R^-Cx-galkyl groups, or ii) R 17 is as above and (R 18 R 19 C) are 
5 joined together to form. a phenyl, naphthyl, C3-6cycloalkyl or 
Het ring, or iii) * R 17 "is as 1 above and R 18 • and R 1 9 together are 

=0; ' . • i[ 

R 22 is H, Ci_galkyl, phenyl or. phenyl-Ci-4alkyl; 

R23 i s -X»-(CH2}qNR 24 R 25 , WlllC^x&s]*?** '* ' 1 
10 CH2X" C ( (CH2) rO) s ] R 2 *, or behzof uryl*, * indolylT, azacycloalkyl, 
azabicyclo C7-iicycloalkyl or benzopiperidinyl, optionally . 
substituted with Ci^alkyl; \ * ' > 

q is 2-5; 

s is 1-6 and r is 1-3 within each repeating unit s; 
IS X' is CH2, 0, S or NH; 1 ' ~ 1 ' 

X" is CH2, NR f , 0, S,' SO or SQi; ' 1 
r24 and r25 are i) Ci-6alkyl, optionally substituted by 
OH, Ci-3alkoxy, or N(R f )2/ ii) the same or different and 
joined together to form a 5-7 member, heterocycle containing 
20 up to two additional heteroatoms selected from-.NR, O, S, SO, 
SO2, said heterocycle optionally substituted- with Ci-4alkyl, 
iii) aromatic heterocycle, optionally substituted with 
Ci-42Llkyl..or N(R')2; . . : * il .Vr. " i:--. 

R' is H or Ci-4alkyl; ; j s y f . * ; ; 

25 R 26 is H, Ci- 4 alkyl, C(«0)R? 7 ,- C(«0)U[ (CH2) m O]nR f , 

P(«0)(OM)2f CQ2R 27 , C(«0)NR 27 R 28 , where M isja mono or 
divalent metal ion, and U Is NR^or O; . 

R 27 is Ci-calkyl t or My. optionally ^substituted with : one 
,or more hydroxy, carboxy, , halo, Ci-3alkoxy, CONR'2, NR'2/ 
30 C02R*, S02NR f 2, CH2NR2, i NR'aOR', NR , ,Sp2R , ,^X^[ (C^lrOls*' or 
CH 2 X n [(CH2)rO]sR , 7 ,;• . ,0- :;; : ; J K 

R 28 is H, Ci-gaUcyl or together with t R 27 . forms a ,5-7 
membered heterocycle or a : 6 . numbered heterocycle containing a 
heteroatom selected from N, 0*and S; r - - ; 
35 m is 1-4; and; . f:: . . ^ ^ , v , u . ; 

• . t ';.ri is 0 or 1; . : t y • , ; .... ji :^,;vv- 

• or a pharmaceutical^ acceptable salt thereof . \ y> 
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• 2 . . A confound, according , to . claim 1 wherein : 

R 1 and r3 are Ci-caltyl,- Ar-Ci- 6 alkyl, Ar-C 2 -6alkenyl, 
Ar-^C 2 -6alkynyl # jpr Ci-6alkyl optionally . substituted by one to 
r. •.. c>: five fluorine.- atoms; : , • , .... 

5 , X- is N-R"-;. • , ;i . • . 

R 4 is CONR^-^CHR^R?; . . . 
;no :r :v>:..,irR5 ds'lRlO-NRll; v . ... . : . , , 
ox. ii. -.! ;«;R7. is Hfi.Ci-galkyl, , C3_6cycloalkyl, ^phenyl or benzyl; 

R 8 is H, Ci-6aUcyl, COR*2, NQz or Br; . , 

ftcVjr.aY:'.-v.i:»? is -H, N02,, : :Br, COR 1 ?,- CF3,.;Ar, Ci-6alkyl , or- 

- £v Ci-galkyl-RlS,. wherein iR* 2 is H,- Ci-6alkyl, .Ar, 0Ci-6alkyl, 
NH2, and R 1 ? is OH;. ". .. 
i c tv /: .-.lA.is-fl, s Het, R 17 ;(R 18 R 19 C) a -W or Het-W;. ; ■.» 

si' ; -.iSjB.iis ^absent . or. Val;.> •:.•>.' - : - • ; f ... 
15 R", Rl8 and R« are H, or Ci^alkyl, Het or. Ar, each 

v -s optionally-substituted- by one or two R 15 or; R^Ci-galkyl 
'-. 9roups> t or -!*r18rMc) are joined- together/; to n form a phenyl, 
C3-6cycloalkyl or Het ring; and -.sir- v. v.- = : . , 
-{flsAcroysc:!**!* O0,-0C(«0)', -KHC(«0>, NHC(-S) or SC(-O) 

3. A- compound according to claim; 1; wherein R 4 is ^ 
> ; .'CONR1^CHR«r7 ;and X is-N-H. < . 

4. A compound according to claim . 3 wherein R* is H and R* 

-2S • - is vH-OrsOOR 12 ..^^^ . \y W . ;■ 

5. A compound according to claim 4 wherein R 7 is C^alkyl. 

K;A;COirpound according, claim 3 wherein R 1 is benzyl and 
30 R 3 is benzyl, 4-hydroxy-benzyl 'or phenylpropenyl . ^ 

7 j : A)compound according to claim* 3 wherein A is 
R i7 (R i8 R i9 C)jirWr ^ R i7 # R i8 and Ri9 are h, or Ci- 4 alkyl, Het 

: or- Ar.;;: • -c. • ■ m; . • " * . 

8. A compound according to claim* 3 wherein : B is absent andf 
. A is, Ci-galkylOC («0) . 
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9. A compound according^ to claim 3 -wherein : W is 6=0. 

10. A coxnpouhd according to claim 1 wherein •''the cbxnpound is: 
(2R, 4S # 5S, 1 9 S) -2-phenylmethyl-4-hydroxy-5- ( t-butoxycarbonyl) - 

5 amino- 6-phenyl-N- (1 1 -isopropyl-1 (litdda'zo-2-yl) ) methyl- 
hexanamide hydrochloride; /hK'.^ : K-.'Q5 *X 
(2R, 4S, 5S, 1 ■ S) -2-phenylmethyl-4-hydroxy^5- (t-buto^CMbonyl) - 
amino-6~phenyl-N- [1 ^isopropyl-l ' - (4-amindcaffionyi-thiazo-'2-- 
yl) ]raethyl-hexanamide; - J . 
10 (2R, 4S, 5S, 1 1 S) -2-phenylmetayl-4-hydrbxy-5- ( t-Butoxycarbbnyl) - 
V anrij^6-phenyl-N-[l f -isopro^^ 

hexanamide; — l -- Jia 

(2R, 4S", 5S, 1 1 S) -2-phenylmetAyl-4-ixydrbxy : -5- (t-butoxycarbonyl) - 
amino- 6-phenyl-N- (1 f -imidazo-2-yl) methyl-hexariamide 
15 hydrochloride; . - • £ 

(2R, 4S/5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- ( t-butoxycarbonyl) - 
amino- 6-phenyl-N- [1 '-methyl-l r - (imidazo-2-yl) ]a methyl- 
hexanamide hydrochloride; . .• io Iv'^*^^.--^ 

(2R, 4S, 5S, 1 * S) -2-phenylmethyl-4-hydroxy-5- (t-butoxycarbonyl) - 
20 amino- 6-phenyl-N- [1 f -benzyl-l f - (imidazo-2-yl) ] methyl- 
hexanamide hydrochloride; * 1: •w.n. ;: ■? ^.-^c: . 
(2R, 4S, 5S, 1 1 S) -5- (carbobenzyloxy) amiri6-4-hydrbxy-N- (1 
isoprbpyl-1 f -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
hexanamide; f ; o.:"*- ;.:^■lc^^^"^•:^^- " ' .'^ 

25 (2R, 4S, 5S, 1 * S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [1 1 - 
isopropyl-1 ■ - (4, 5-dimethyl) imidazol-2-yl] methyl-6-phenyl-2- 
rphenylmethyl-hexanaxnide;- 1 - - /; 

(2R f 4S, 5S f 1 • SJ -5- ( t-butoxycarbonyl) ainino-4-hy^oxy-N- fl f - ' 
isoprbpyl-1 f - (N r -methyl) imidazol-2-yl)methyl-6-phenyl-2- 
30 phenylmethyl-hexanaxnide;, ,. : v-y ' • ; =• 

(2R, 4S, 5S, 1 • S) -5- ( t-butoxycarbonyl) axoino-4-hydroxy-N- (1 • - 
isopropy 1-1' -iinidazol-2-yl) methyl VT 
phenylpropargyDhexanamicte; / l v : • >-••■•*■$< 

(2R, 4S, 5S/ 1 • S) -5- (isopropoxycarbonyl) amino-4 -hydroxy-N- (1 1 - 
35 isopropyl-1 • -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
*a hexanamide; • . • ■;• , m -c-.o^* /-v^:N /. • • 
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- f i <2R>4S,.5S^ 

•V v; (V-isopropyl-ll-i^ 

phenylmethyl-hexanamide; ' . * : ■ ■: 
: y(2R / 4S r 5S r l , S^ 

5 isopropyl-^Vimidazol-2-yl)methyl-6^^ 
hexanamlde; 

(2R, 4S, 5S, 1 • S) -5- (ethoxycarbonyl) amino~4-hydroxy-N- (1 f - 
•o 'isopropyl-l'rimidazol^-yl^^ 
hexanamlde; 

10 : (2R, 4S, 5S, 1 f S) -:5- (t-butoxycarbonyl) amino-4-hydroxy-N- (1 
isopropyl-1 , -imidazol-2-yl^ methyl- 6-phenyl-2- (3-phenyl-2- 
propenyl) hexanamlde; . . v ^ 

(2R, 4S, 5S, 1 • S) -5~ ( t-butoxycarbonyl) ^amino-4--hyclroxy-H-[l , - 
lsopropyl-l , -(4Tnitroimida2ol--2-yl) ] methyl-6-phenyl-2- 
15 phenylmethyl-hexanamide; i *; 

* I (2R, 4S, 5S, 1 1 S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- (1 »-* 
i rethyl-1 !.-imidazol-2-yl) methyl- 6-pheny 1-2-phenylme thy 1- 
hexanamide; 

-(2R, 4S, 5S, 1 , S)-5- (t-butoxycarbonyl) amino-4-hydroxy-N-(l , - 
20 ' propyl-1 1 -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
hexanamide; \ / : 

(2R r 4S / 5S / l/S)-5^(trbutoxycarbonyl)amino-4-hyto 1 
isopropyl-1 (4-bromoimidazol-2-yl) ]methyl-6-phenyl-2- 
phenylmethyl-hexanamide; 
25 ;(2R; 4S, 5S, 1 9 S) -5- ( t-butoxycarbonyl) amino- 4 -hydr oxy~N- [1 » - 
~ : ^ isopropyl^l. , -.(4 # 5-dibromoimidazol-2-yl) )methyl-6-phenyl-2- 
phenylmethyl-hexanamide; 

: (2R, 4S, 5S, 1 • S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- [1 
isopropylrl (4rmethylimidazol-2-yl) ]methyl-6-phenyl-2- 
30 phenylmethyl-hexanamide; • 

- i : (2R r 4S,5S,l. , S)-5-(t-butoxycarbon^ 

I :j isopropyl-1 • - (4-trif luoromethylimidazol-2-yl) ]methyl-6- 
phenyl-2-phenylmethyl-hexanamide; 

; (2R f 4S, SS, 1 1 S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N-methyl- 
35 N-d'^isopropyl-l'-imidazol^-yDmethyl-e-phenyl^- 
phenylmethyl-hexanamid ; 
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(2R, 4S, 5S, 1 • S) -5- ( t-butoxycarbonyl) akLno^4--hydro>^ : N- [1 f - 
isopropyl-1 • - (4-rarbomet£oxyimidazol-2-yl) ] methyl- 6-phenyl-2- 
phenylmethyl-hexanamide; '>•''- • ' ^ - : 
(2R, 4S, 5S, 1 • S) -5- (t-butoxycarbonyl) amihb-4 -hydroxy-N- [1 
5 isopropyl-1 • - (4-metAylca)±onylliiddazbl-2-yl) ] methyl- 6-phenyl- 
2-phenylmethyl-hexanamide; - L < :ri - 

( 2R, 4S r 5S , 1 • S ) -5- ( t-butoxycarbohyl) amiria-4-hydfo3cy-'N- £ 1 1 - 
isopropyl-1 (4-isopTOpylC£u:b6nyl-iiaida2bl-2-yl) ]methyl-6- 
phenyl-2-phenylmethyl-hexanamlde; ; .v n . cf. 

10 (2R, 4S , 5S, 1 * S) -5- ( t-butoxycarbonyl) aminb^4-hydrbxy-N- It 
isopropyl-1 1 - (4-phehylcarbonyl-imidazol-2-yl) ] methyl-6- 
phenyl-2-phenylmethyl-hexanamide; lA^-a:^ ; i v j"- 
(2R, 4S, 5S, 1 1 S) -5- ( t-butoxycarbonyl) amind-4-hydrbxy-N- [1 «- . 
isopropyl-1* - (4-f ormylimidazol-2-yl) ] methyl- 6-pheny 1-2- 
15 phenylmethyl-hexanamide; -r^ 

(2R, 4S , 5S, 1 ' S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [1 f - 
isopropyl-1 • - (4- (hydroxymethyl) -imidazoi-2-yl) ] methyl-6- 
phenyl-2-phenylmethyl-hexanamide; v , \* 

. - (2R, 4S, 5S, 1 f S) -5- ( (tetrahydrothibpyrah-4-yl) oxycarbonyl) - 
20 amino-4-hyd*oxy-N- ( 1 f -isopropyl-1 f -imidazdl-2-yl) methyl-6- 
phenyl-2-phenylmethyl-hexanamide; y . 

(2R, 4S, 5S, 1 ' S) -5- ( (tetrahydro-4H^yran-4-yl) oxycarbonyl) - 
amino-4-hydroxy-N- (1 f -isopropyl-1 , -imidazol-2-yl) methyl- 6- 
phenyl-2-phenylmethyl-hexanamide>: ^ : .;! -v , * : - ; 
25 : (2R / 4S f 5S / l , S)-S-(4-picoliJiylo^)amlio-4-hy 

isopropyl-1 * -imldazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
hexanamide; '"-^ ^ yv^- ■ 

(2R, 4S, 5S, 1 • S) -5- (t-butoxycarbonyl) amind^4-hydroxy-N- (1 
isopropyl-1 f -imidazol-2-yl) methyl-6-phenyl-2- (4 , 4 , 4- 
30 trif luorobut-l-yl) hexanamide ; '< - ^ -i\y . * 
i <2R, 4S, 5S, l/S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- [1 
isoprbpyl-l f -(4-( (IRS) -1-hydroxyethyl) -imidazol-2-yl) ]methyl- 
6-phenyl-2-phenylmethyl-hexanamide; ; . : r>;f : i > ;•!:■■ . 
(2R, 4S, 5S, 1 * S) -5- ( t^uto^carbonyl) amino^4-hydrdxy-N- [1 *- (1- 
35 methyl) propyl-1 (imidazol-2-yl) ]methyl-6-phehyl-2-' ^ 
phenylmethyl-hexanamide; y-b* .---^ 4 ;'.^ ; <•> ; 
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- (2R>4S r 5S / l , S)-5-{propylaminocarbonyl)amino-4-hy<te 
isopropyl-1 • - (imidazol-2-yl) ] methyl- 6-phenyl-2-phenylmethyl- 
hexan amide; ... - v • 

(2R,4S, 5S, 1 f S) -5- (4-hydr oxybutanoyl) amino-4-hydroxy-N- (1 
5 isopropylrlV-indda2ol-2-yl)methyl-6-phenyl-2- 
phenylmethylhexanamide; *y, • 

(2R,.4'S, 5S; 1 • S).-2-phenylmetAyl-4-hydroxy-5- (benzyloxy- 

- carbonyl)valylamino-S-phenyl-N-(l , -isobutyl-l , -ijtdda20--2-- 
yl)methyl-hexsuiamide; * -. v. ■ ou »: \. .' 

- 10'V r (2R r 4S r 5S / l , S)-2-phenylmethyl-4-hydroxy-5-(N-acetylval^^ 

amino- 6-phenyl-N- (1 •-isobutyl-l f -imidazo-2-yl) methyl- 
hexanamide; i. 
(2R, 4S, 5S, 1 1 S) -5- [ (indda20l-2-yl)methyloxycarbonyl]amino-4- 
~ : ^ hydroxy-N-a'-isopr^yl-^ 

15 phenylmethyl-hexanamide; 
Y ; (2R; 4S, 5S, l f S,l"RS) -5- ( (l w -(lmlda20l-2-yl ) -2 "-methyl ) - 
propyloxycarbonyl) amino-4-hydroxy ta •N-(l• -isopropyl-1 f - 
imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl-hexanamide ; 
V <2R, 4S r -SS^l'S) -5-(t-bxxt03qrcarbonyl)amino-4-hydroxy-N- [l f - 
vb 120 . r isopropyl-1 (4- (inri.dazol-2-yl) imidazol-2-yl) ] methyl-6- 
.1) -ti ^:phenyl-2Tphenylmethyl-hexanamlde;. / ) 

\ohri \m\ (2R, ASpSSi 1 VS) -S- (l-oxo-thian-4-yl) oxycarbonyl) amino-4- 1 
* 1 ; * hydroxy-N-a^ -isopropyl-1 f -imida20l-2-yl) methyl- 6-phenyl-2- 
:?/ ^phenylmethylhexanamide; * * ». i 
25 : (2R, 4S; 5S/1 ■ S) -5- ( (tetrahydrosulf onylpyran-4- 

-yl) oxycarbonyl) amino-4-hydrdxy^N- (1 • -isopropyl-1 '-imidazol^- 
yl)methyl-6-phenyl-2-phenylmethylhexanamide; - r ri 
1 \<2R,4S, 5S,l ,r S)-5-< (l>l-dimethylr2-(benzyloxycarbonyl- 
f: ir glycyloxy) ethoxycarbonyl) amino-4-hydr6xy-N- (1 '-isopropyl-1 
• ^30 '>;imida20l-2-yl) methyl- 6-phenylr2-phenylmethyl-hexanamide 
hydrochloride -salt J v - * :* - - ; ;. 

<2R, 4S, 5S, 1 f S) -5- ( (1, l-dimethyl-2-glycyloxy) ethoxycarbonyl) - 

- amino- 4-hydroxy-N?."<l • risopropyl-lJ-imidazol-2-yl) methyl- 6- 
t ; i!.phenyl-2-phenylmethyl-hexanamidedihydrochlori^ 

35 ci (2R, 4S, 5S, 1 ' S) rr5- (;(l-acetyl) amino-4 -hydroxy-N- (1 •-isopropyl- 
• 1 1 -imidazol-2-yl ) methyl- 6-phenyl-2-phenylmethylhexanamide ; 
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(2R, 4S, 5S f 1 • S) -5- (t-butoxycarbonyl) aMno-4-liyclroxy-N- (1 f - 

• -:: isopropyl-1* inddazol-2-yl) methyl ;u 

benzyloxyphenylmethyl)hexanamide; ^ :f 

' (2R; 4S, 5S, 1 1 S) -5- (t-butoxycarbonyl) aminc^4-hydroxy-N-- (1 
5 isopropyl-1 • imidazol-2-yl) methyI^6^i>hehyl-2'-- (4- <?■ A 
hydrbxyphenylniethyl) hexanamide; d;. J-a^fe ^ • 
(2R r 4S f 5S) -5- (t-buto^carbonyl) amino^4-hydro^-2- : ; 

phenylinetAyl-6-phenyl-N-[l\^ 

yl]methyl-hexanamide; ' is' ; : d * . 

10 (2R/4S / 5S / l , S)-5-((isoprppyltMol)ca3±onyl)-ainino^ 
2-phenylmethyl- 6-phenyl-N- [1-isoprOpyl-l! -imidazolr2- 
yl]methyl-hexanamide; . r or' 

(2R, 4S, 5S f 1 1 S) -5- [3- (lH-inddazolr2ryl) -3-hydroxy-4-^ 
methylpentylamido] -4-hydroxy-N- (1 1 -isopropyl-1 1 -imidazol-2- 

15 y 1 ) methyl- 6-phenyl-2-pheny Imethyl-hexanamide ; ^ r :.fn 

- UR^SrSS/l'S^S-CH-methoxyphenoxy)^ 
N-\l •-isppropyl-l'-iMdazoi-^ 

phenylmethyl-hexanamide; ru. . ^ 'i\^ iu :u- 

2R, 4S, 5S, 1 1 S) -5- (t-butylaminocarbonyl) a^oMrhydrbxy-N- (1 1 - 

20 : isopropyl-l. f -imidazol-2-yl) methyl-6-phenylmethyl-liexanamide ; 
(2R, 4S f 5S, 1 • S) -S- (mettylaminocarbonyl) -amino-4-hydroxy-N- (1 f - 
- isopropyl-1 , -inddazol-2-yl)mettyl-6-pbenyliaethyl-h^xM 
(2R, 4S, 5S/ 1 • S) -5-pbenylaminocal*onyl).alnino-4-hydroxy-K-(l , - 
isopropyl-1 9 -imidazol-2-yl) methyl-6rpbenyljnethyl-hexamide ; 

25 (2R, 4S f 5S, 1 f S) 75-N- (prqpylaininocairbonyl) aad^o^Thydroxy-N- 

* : (I'-isopropyl-l'-inddazol^^ 

hexamide; -t . r;r. v /'* .-v..:.!," 

(2R, 4S, 5S f 1 • S) -5- (n-propyiaminbthiono) aiiino-4-hydroxy-N- 
( 1 • isopropyl-1 • -imidazol-2:-yl) methyi- jS-phenylinethyl-hexamide ; 
30 2R, 4S, 5S, 1 * S) -5- (isopropylaxninocarbonyl)raminor4^hydroxy-N- 
( 1 • -isopropyl-1 • -imidazol-2-yl) methyl- S-phenylmethyl^ 
hexamide; '* \ v/;:.^, y .. rl ; ; v'-' >i:.'} 

(2R, 4S, 5S, 1 • S) -5- (aminocarbpnyl) araino-4-hydroxy-N- (1*- 
isopropyl-1 • -imidazoi-2-yi) methyi-6 J p&Myi^^ 
35 . (2R, 4S, 5S, 1 f S) -5- ( 6-quinolinylmethyloxy-carbohyl) amino-4- 
...i. hydroxy-N-tt'-isopropyl-i'-im^^ C 
phenylmethyl-hexanamide; 



WO 93/02057 . PCI7US92/06047 

• _ • ■• - 139 - 

(2R, 4S, 5S r 1 • S) -5r (benzoyl) amino-4-hydroxy-N- (1 • -isopropyl-1 • - 
imidazol-2-yl) metAyl-6-pheaylmethyl-hexanamide ; 
(2R, 4S, 5S, 1 •S) -5- (2-furylcarbonyl) amino-4-hydroxy-N- (1 
;.: risopropylr^ 
>• /S o (2R,4S, 5S,l'S)-5^(4-metooxyb^^ 

.isopropylri • ^iraidazol-2-yl) methyl- 6-phenylmethyl-hexanamide ; 
(2R, 4S, 5S, 1 ■ S) -5-benzylcarbonyl) amino-4-hydroxy-N- (1 • - 
isqpropyl-1 '-imidazol-2-yl) met±yl-6-phenylmethyl-hexamide; 
' c?(2R, 4S, 5S,1 S) -5- (4-hydroxybenzoyl) amino-4-hydroxy-N-(r'- 
10 isopropyl-1 • -imidazol-2-yl) methyl- 6-phenyimethyl-hexanamide; 

(2R, 48,5s/ 1 • S) -5- (cinnamoyl) amino-4-hydroxy-N- (1 '-isopropyl- 
1 1 '-Imidazol^-yJ.) methyl-6-phenylmethyl-hexanamide; 

(2R, 4S, SS, 1* S) -5- (2-hydroxybenzoyl) amiriq-4-hydroxy-N- ( 1 f - 
isopropyl-1 V-imidazol-2-yl) methyl-6-phenylmethyl-hexanamide; 
l 15;<- (2R,4S, 5S r l f S)-5-(iMdazoyl-4-yl-acetyl)aitiino-4-hydroxy-N- 
..o -jm (l f -isopropyl-l '-imidazol-2-yl) methyl-6-phenylmethyl- 
hexanamide; ../. -mL- i*:- .>? - 

(2R, 4S, SS, 1 f S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- [1 > - 
< ^: isopropyl-l^-(4-carbometAoxyet0iylin^ 
20 . phenyl-2-phenylmethyl-hexaiiamide; c _ - 

(2R, 4S, 5S,1 f S) -5- ( t-butoxycarbonyl) amino-4 -hydr oxy-N- [1 '- 
isopropyl-1 f -(4-carboxamidoimidazol-2-yl) ] methyl- 6-phenyl-2- 
phenylmethyl-hexanamide; 

(2R, 4S, SS , 1 f S) -2-phenylmethyl-4-hydroxy-5- (5- (1-oxopropyl) -2- 
25 thiazolyl) amino) -6-ptienyl-N- ( 1 '-isopropyl-1 ' - (imidazo-2- 
yl) ) methyl-hexanamlde; 

(2R, 4S,SS, 1 f S) -2-phenylmethyl-4-hydroxy-5- (5- (1-oxopropyl) -2- 
thiazolyl) amino) -6-phenyl-N- (V -isopropyl-1'- (imidazo-2- 
1 yl))methyl-hexanamide; - j.;: ; 
j 30) ou <2R,4S, 5S, 1 • S).-2-phenylmethyl-4-hydroxy-5- (5-propyl-2- 
thiazolyl) amino) -6-phenyl-N- (1 '-isopropyl-1 '.- (imidazo-2- 
yl) Jmethyl-hexanamide; and . , * : .\'* r: o.v 

* (2R, 4S, SS, 1 'S)-S- (nicotinyl) amino-4 -hydro xy-N- (1 '-isopropyl- 
1 '-imidazol-2-yl) methyl- 6-phenylmethyl-hexamide • 

35 x ,-,! 

11.*" A compound according to claim 1 which is (2R, 4S f 5S, I'S)-, 
5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [1 * -isopropyl-1 '- (4- 
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isopropylcarbonylimidaiol-2-yl) ] me^yl-6-phenyl^2--.}, r 
phenylmethyl-hexanamide* ■<■> -= ■ .bi.xr. 

, . ..... ;: i:; ;>. ,;y.y : v", - s. . Vf ,3;. ; .A\vV ; ) 

12. A compound according: to^claija' l wMchJ: is (2R, 48,58,1' S)- 
'5 2-phenylmethyl-4-hyd^xy-5-.(d-butoj^^ 

N- (1 • -isopropyl-1 • - (ixnidazo-2-yl) ) metnyi-hexanaiside . 

•ij7 ;13. A pharmaceutical con^ositioni comprising .a .compound 
.'according to Claim 1* and a^ pharraceuticatllyfacceptable 

,:10 carrier. - /v = ' ^ * fe;- ' ^ ' V 

-■• " a., ..." : .»>:.>r7. -■" •ii- 7 . v'- *) 

14 .• A pharmaceutical formulation, comprising, a compound 
. according to Claim 1 and an oil; \) 77* , . : :) 

■ v. •-. ■ i ■ lo^'rr?^ ■ , .!.-iv;.;v ;- 
15 is, a method of treating disease r states associated with HIV 
- infection comprising administeiriiig i-ra-'-e^^c^^^iMowt' of, a 
compound according to Claim 1. 



16 . The use of a compound according to Claim; l;dn: the 
20 manufacture of a medicai^t;^ : v ^ > ' --^a^V-^ -r- .c£V: < 



17. A compound of the formula: 



■ - v ;> : -tj »r M^p>" * « v 7 ;w-^77; 

. . / * <r.^i » - ."./.si.*: 

wherein Pr 2 is an amino protecting/ groups and R 7 V: R 8 ' and R 9 ' 

are as defined in Claim. 1 with any ;>reactiye3 groups ^protected. 

. v : --.*}~ V -'7 ^. v'i* i'rf-i' 

30 18. A compound of formula:.:*' "v ...-v-ivri. Cv. 

, . . fi R| .R^ ... . ■:•..*. r ; * : i." 

r : ■, ■ t- - 7 ? - -77/ ■■• ;i f Ttf' V-OC7: y. * ' * 

wherein: 
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Rl and R3 are each independently Ci-gaUcyl, 
>v.,ArirtCi-6allcyl> H trCiligalkyi;vC2-G sUcen yl> Ar-C 2 -6alkenyl, 
. i: « Het^-galkenyl,. C3»6cycloalkyl-Ci_6alJcyl or 
Ca-gcycloaJJceny^-Ci-gallcyl;:-;, 

5 ;..R2r;is ;i H;;.or-..OH;.-i. .1;.:,. < ( , , . 

~ , ! II A .. 
R 4 Is R6-NH-, or — "-NH Re ;' 

R5 is Rg-NH- or RiQ-NH; ( 



0i 



10 



R6 is 
wherein: 

X is NRn f \0/? or S, . " . 
1 3 LRiitls E or Ci«3alkyl; ' " 

iv^Rs /and R9 are/ each' independently H, OH, halo, acyl, 
/or -substituted ! alkyl; • 



or,R 6 is ^ N JJ, 



15 - "wherein:^ - * v — • :? v - 
X is NH, 0, or S; 
v?i V r</r?;^ ; y is a: 'fused C2-4 alkylene, aryl or heteroaryl 

moiety; 1 ' - • • 

R7 is Ci^gaUcyl, Ar-Ci-galkyl, Het^i.galkyl, 
20 C2-6 allcen y 1 ^ Ar-C2-6 alken y 1 # Ret-C2-salkenyl, 

^-gcycloalkyl-Cj^g alkyl or Cs^gcycloalkenyl-Ci^galkyl; 

*y. Rio is a moiety^A- (B) n -,\ where n « 0 or 1; and B is, 
independently, an a-amino acid chosen from the group: Ala, 
Asn, Cys, Trp, 61y, Gin, lie, Leu,;*Met, Ph'e, Pro, Ser, Thr, 
25 Tyr, Val, ! His,> or : trifluoroalanine, wherein the amino group 
•i ' of : B is : bonded to*' A arid the carboxy group of B is bonded to 
the . structure; * f 

A is 'covalently attached to the amino group of the 
adjacent residue B or to -the amino group of the structure iF 
;.30>'v n- «" 0 <and.- ? -is': 1 * 1 * **'■ • '* • 

1) .trityl, i • » 

2) hydrogen, 

-;> ,v *3) Cil 6 alkyl, ; -v;.:," 

1 * : 4) ' Ri4-CO-wherein R14 is: * ' 
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a) r hydrogen}* * -'-^ ••:*.v;c ; ^•j ^;- 

b) j • C^~£aDcyl, unsubs'tituted'* or ^'Substituted with 

one or more hydroxy! grtiu&sV* chloride atoms, 
or flworine'atoms/^^ - ! -< ,£: - ' *£? 

c) phenyl or naphthyl %nsubsti!tut:ed or 
substituted with one. or more substituents R15 
wherein^Ris is: 1 . , . 

i) • ci-4aikyi, , ' :xi \ , . 

. ^ ...... . . >; ... *. J. C ... 

ii) halogen, where .halogen is F, CI, Br or 

I. • , . . 

iii) hydro^yl, : ,r 

iv) nitro, i^r v^ ; 

v) Ci-3alkoxy f or -m ;>.> ^ ox. 

vi) -CO-N(Ri6)2. wherein : R16 is, 
independently, U H or Ci-4alkyl; or 

d) a 5-7. member heterocycle ; such as pyridyl, . 

furyl, or berizisoxazolyl; 

/ **'* « ff 

phthaloyl wherein /the aromatic' ring is 
unsubstituted or substituted with one or more 
substituents R15; .... ... .... 

i R17 (R18R19C) ©tCO-^* wherein m ;^ v i-3 and' 3E^i7/ " Rl8/ 
and R^g are independently: Cf! 

a) - hydrogfen,'; ;S.y C i_/; *v 

b) chlorine or fluorine; t v vu .j>. * 

c) ? Ci-sSLlkyliunsubstituted!;©!:/ substituted with 

one or more chlorine or «f luorine atoms or 
hydroxyl groups, . r-:.l ■ .vs . n.-r ^j. 

d) hydroxyl, . tl .r,> - , *'j ^ 

e) phenyl^ or: naphthyl yunstibstituted or/*: v; 
substituted { with One or more - substituents Rl5f 

f) Ci-3alkoxy^ ; - • 

g) a 5-7 member ,heterocycie,i.or f . 

h) R17 / Rl8 r ; ■ . and R19 ,may be ^independently joined 
to form a monocylic, bicyclic,^or tricycle 
ring system each ring, of which ^.is C3-6 

cycloalkyl; ;iv>o /v- * 

Rl7(Rl8Rl9C)m~W- wherein, m 1-3 and W is OCO or 
SO2 and RlTr.^RlS/ and Ri 9. are as defined above, 
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except Ri7/ Rl8r and R19 are not chlorine fluorine. 

- l'!' : *r hydroxyl ? £f they ar adjacent to W; \ 

- 8) r R20~W-wherein R20 is a 5-7 member heterocycle such 
'as pyridyl, furyl, or benzisoxazolyl; 
5 9) R21-W- wherein R21. is phenyl , or naphthyl . .. ! 

>i V : : , r :il unsubst'ituted or substituted with one or more 1 

subsituents R15; 

^ -i . f* :,i .lOVT Rl7- (Ri8Rl9C)m-P (0) (OR22) ~ wherein R22 is 

alkyl or phenyl; , 

.. 10 ~ u . } . * 2 <r* ?J < 0 ?22)-;. or ; 

~ *2> _*21~* <0) (0R22)j-;;;.f; ^ : ;; ' . < 

w*,* jor pharmaceutical^ acceptable salt thereof • 1 : | 



1 
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